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CD (/) 
O) (U 

CD C 
-V — 

Q. O 


Interchangeable 
products 


Page 


2?" 


b 

c s 
§8 


Propa- 
gation 
time 
(ns) 


Power 
dissipa- 
tion 
(mW) 


Low-level 
output 
current 
(mA) 


High-level 
output 
current 
(mA) 


Hex Inverter 


o 


- 


M74LS04P 


6 


12 


8 


0.4 


14P4 


74LS04 


2-15 


— 


o 


M74LS05P 


10 


12 


8 


— 


14P4 


74LS05 


2-17 


Quadruple 2-lnput Positive NAND Gate 


o 


— 


M74LS00P 


6 


8 


8 


0.4 


14P4 


74LS00 


2-9 


— 


o , 


M74LS03P 


10 


8 


8 


— . 


14P4 


74LS03 


2-13 


Triple 3-lnput Positive NAND Gate 


o 


- 


M74LS10P 


8 


6 


8 


0.4 


14P4 


74LSI0 


2-23 


— 


o 


M74LS12P 


13 


6.3 


,8 


— 


'14P4 


74LS12 


2-27 


Dual 4-lnput Positive NAND Gate 


o 


. — 


M74LS20P 


10 


4 


8 


0.4 


14P4 


74LS20 


2-39 


— 


o 


M74LS22P 


18 


4 


8 


— 


14P4 


74LS22 


2-43 


Single 8-lnput Positive NAND Gate 


o 


— 


M74LS30P 


11 


2.4 


8 


0.4 


14P4 


74LS30 


2-49 


Single 1 3-lnput Positive NAND Gate 


o 


- 


M74LS133P 


11 


2.4 


8 


0.4 


16.P4 


74LS133 


2-143 



AND GATES 



Quadruple 2-lnput Positive AND Gate 


O 


— . 


M74LS08P 


10 


17 


8 


0.4 


14P4 


74LS08 


2-19 


— 


o 


M74LS09P 


13 


17 


8 


— 


14P4 


74LS09 


2-21 


Triple 3-lnput Positive AND Gate 


■ o 


- 


M74LS11P 


10 


12.8 


8 


0.4 


14P4 


74LS11 


2-25 


— 


o 


M74LS15P 


, 13 


12.8 


8 


— 


14P4 


74LS15 


2-33 


Dual 4-lnput Positive AND Gate 


o 


- 


M74LS21P 


10 


8.5 


8 


0.4 


14P4 


74LS21 


2-41 



NOR GATES 



Quadruple 2-lnput Positive NOR Gate 


O 


— 


M74 LS02P 


6 


1° 


8 


0.4 


14P4 


74LS02 


2-11 


Triple 3-lnput Positive NOR Gate 


O 


- 


M74LS27P 


6 


13.5 


8 


0.4 


14P4 


74LS27 


2-47 



OR GATE 

| Quadruple 2-lnput Positive OR Gate | Q*" 



M74LS32P 



0.4 14P4 



74LS32 



2-51 | 



EXCLUSIVE OR GATES 



Quadruple 2-lnput Exclusive OR Gate 


O 


- 


M74LS86P 


10 


. 30.5 


8 


0.4 


14P4 


74LS86 


2-90 


— 


o 


M74LS136P 


13 


30.5 


8 


— 


' 14P4 


74LS136 


2-145 


o 


— 


M74LS386P 


10 


30.5 


8 


0.4 


14P4 


74LS386 


2-366 



EXCLUSIVE NOR GATE 

[Quadruple 2-lnput Exclusive NOR Gate | — 



Q I M74LS266P | JF 



14P4 | 74LS266 | 2-302 | 



AND-OR-INVERT GATE 



Dual 2-Wide 2-lnput AND-OR-INVERT 
Gate 


O 


- 


M74LS51P 


7 


5.5 


8 


0.4 


14P4 


74LS51 


2-69 
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BUFFERS/LINE DRIVERS 



Circuit function 


Type of output 


Type 


Typical electrical characteristics 


CD U) 
U) CD 
CO C 

•V — 

£3 

a-O 


Interchangeable 
products 


Page 


CD D. 
• > => 

< o. 


o 
c u 

CD <D 

81 


0) 

CD 

00 


Propa- 
gation 
time 
(ns) 


Power 
dissipa- 
tion 
(mW) 


Low- 
level 
output 
current 
(mA) 


High- 
level 
output 
current 
(mA) 


5> 


Octal Buffer/Line Driver 






1 


M74LS240P 


8 


120 


24 


15 


0.4 


20P4 


74LS240 


2-256 


- 


— 


N 


M74LS241P 


9 


126.7 


24 


15 


0.4 


20P4 


74LS241 


2-259 






N 


M74LS244P 


9 


126.7 


24 


15 


0.4 


20P4 


74LS244 


2-269 


- 


- 


1 


M74LS540P 


10 


111.7 


24 


15 


0.4 


20P4 


74LS540 


2-385 


- 


- 


N 


M74LS541P 


10 


133.3 


24 


15 


0.4 


20P4 


74LS541 


2-388 


Octal Bus Transceiver 


— 


— 


N 


M74LS245P 


10 


290 


24 


15 


0.4 


20P4 


74LS245 


2-272 


— 


— 


1 


M74LS620P 


10 


290 


24 


15 


0.4 


20P4 


74LS620 


2-399 


— 


— 


1 


M74LS640P 


10 


290 


24 


15 


0.4 


20P4 


74LS640 


2-402 


— 


— 


1 


M74LS640-IP 


10 


290 


48 


15 


0.4 


20P4 


74LS640-1 


2-405 


— 


N 


— 


M74LS641P 


18 


290 


24 


- 


0.4 


20P4 


74LS641 


2-408 


— 


N 


— 


M74LS641-1P 


18 


290 


48 


- 


0.4 


20P4 


74LS641-1 


2-411 


. — 


1 


— 


M74LS642P 


15 


290 


24 


— 


0.4 


20P4 


74LS642 


2-414 


— 


1 


— 


M74LS642-1P 


15 


290 


48 


— 


0.4 


20P4 


74LS642-1 


2-417 


— 


— 


I-N 


M74LS643P 


10 


290 


24 


15 


0.4 


20P4 


74LS643 


2-420 


— 


— 


l-N 


M74LS643-1P 


10 


290 


48 


15 


0.4 


20P4 


74LS643-1 


2-423 


— 


I-N 


— 


M74LS644P 


16 


290 


24 


— 


0.4 


20P4 


74LS644 


2-426 


— 


l-N 


— 


M74LS644-1P 


16 


290 


48 


— 


0.4 


20P4 


74LS644-1 


2-429 


— 


— 


N 


M74LS645P 


12 


290 


24 


15 


0.4 


20P4 


74LS645 


2-432 


— 


- 


N 


M74LS645-1P 


12 


290 


48 


15 


0.4 


20P4 


74LS645-1 


2-435 


Hex Bus /Driver 


— 


— 


N 


M74LS365AP 


9 


67.5 


24 


2.6 


— 


16P4 


74LS365A 


2-341 


— 


— 


1 


M74LS366AP 


7 


59 


24 


2.6 


— 


16P4 


74LS366A 


2-344 


— 


— 


N 


M74LS367AP 


9 


67.5 


24 


2.6 


— 


16P4 


74LS367A 


2-347 


— 


— 


1 


M74LS368AP 


7 


59 


24 


2.6 


— 


16P4 


74LS368A 


2-350 


Quadruple 2-lnput 
Positive NAND Buffer 


1 


— 


— 


M74LS37P 


10 


17.3 


24 


1.2 


— 


14P4 


74LS37 


2-53 


— 


1 


— 


M74LS38P 


14 


17.3 


24 


— 


— 


14P4 


74LS38 


2-55 


Quadruple Bus Buffer Gate 


— 


— 


N 


M74LS125AP 


9 


51 .8 


24 


2.6 


— 


14P4 


74LS125A 


2-137 


— 


— 


N 


M74LS126AP 


9 


59 


24 


2.6 


— 


14P4 


74LS126A 


2-139 


Quadruple Bus Transceiver 


— 


— 


1 


M74LS242P 


8 


133.3 


24 


15 


0.4 


14P4 


74LS242 


2-263 


— 




N 


M74LS243P 


9 


138.3 


24 


15 


0.4 


14P4 


74LS243 


2-266 


Dual 4-lnput Positive NAND Buffer 


1 


— 


- 


M74LS40P 


14 


8.6 


24 


1.2 


— 


14P4 


74LS40 


2-57 



I: With inverted output N: With noninverted output l-N: With both inverted and noninverted output 



SCHMITT TRIGGER NAND GATES/INVERTERS 



Circuit function 


Type of output 


Type 


Typical electrical characteristics 


CD W 
O) CD 
CO c 
-^ — 


Interchangeable 
products 


Page 


CD o- 
> => 

< a 



CD <1> 

58 


Propaga- 
tion 
time 
(ns) 


Power 
dissipa- 
tion 
(mW) 


Positive- 
going 
threshold 
voltage 

(V) 


Negative- 
going 

threshold 

voltage 

(V) 


Hex Schmitt Trigger Inverter 




- 


M74LS14P 


12 


51.5 


1.6 


0.8 


14P4 


74LS14 


2-31 




— 


M74LS19P 


13 


67 


1.9 


1.0 


14P4 


74LS19 


2-37 


Quadruple 2-input Positive NAND 
Schmitt Trigger 




— 


M74LS132P 


13 


35.3 


1,6 


0.8 


14P4 


74LS132 


2-141 




— 


M74LS24P 


19 


44 


1.9 


1.0 


14P4 


74LS24 


2-45 


Dual 4-lnput Positive NAND Schmitt 
Trigger 




— 


M74LS13P 


16 


17.5 


1.6 


0.8 


14P4 


74LS13 


2-29 




— 


M74LS18P 


25 


22.5 


1.9 


1.0 


14P4 


74LS18 


2-35 



I : With inverted output 



MITSUBISHI 
.ELECTRIC 



1-3 



MITSUBISHI LSTTLs 

INDEX BY FUNCTION 



J-K FLIP-FLOPS 



Circuit function 


Type 


Typical electrical characteristics 


CD 

G) 

, O) 


CD 
CL 


CD 
C/3 
CD 
DC 


<D V) 
O) CD 
CO C 

%z 

Q-O 


Interchangeable 
products 


Page 


Operating 
frequency 
(MHz) 


Setup 
time 
(ns) 


Hold 
time 
(ns) 


Power 
dissipatior 

(mW) 


Dual J-K Negative Edge-Triggered Flip- 
Flop with Reset 


M74LS73AP 


0-45 


20 





20 


1 


- 


¥ 


14P4 


74LS73A 


2-71 


Dual J-K Negative Edge-Triggered Flip- 
Flop with Set and Reset > 


M74LS76AP 


0-45 


20 





20 


1 


¥ 


¥ 


16P4 


74LS76A 


2-80 


Dual J-K Negative Edge-Triggered Flip- 
Flop with Reset 


M74LS107AP 


0-45 


20 





20 


¥ 


- 


¥ 


14P4 


74LS107A 


2-112 


Dual J-K Positive Edge-Triggered Flip- 
Flop with Set and Reset 


M74LSI09AP 


0-45 


20 


5 


20 


J 


¥ 


¥ 


16P4 


74LS109A 


2-115 


Dual J-K Negative Edge-Triggered Flip- 
Flop with Set and Reset 


M74LS112AP 


0-45 


20 





20 


1 


¥ 


¥ 


16P4 


74LS112A 


2-118 


Dual J-K Negative Edge-Triggered Flip- 
Flop with Set 


M74LS 113AP 


0-45 


20 





20 


1 


¥ 


- 


14P4 


7.ILS113A 


2-121 


Dual J-K Negative Edge-Triggered Flip-Flop 
with Set Common Reset and Common Clock 


M74LS114AP 


0-45 


20 





20 


1 


¥ 


¥ 


14P4 


74LS114A 


2-124 



JT : Positive-going edge ~\_ : Negative-going edge [_T : Active low-lev 



D-Type FLIP FLOPS 



Circuit function 


Type 


Typical electrical characteristics 


CD 

en 

O) 

H 


CD 
CD 
CL 


CD 
to 
CD 

rx 


<D co 
CO CD 
ro c 

-V — 

£d 

Q-O 


Interchangeable 
products 


Page 


Operating 
frequency 

(MHz) 


Setup 
time 
(ns) 


Hold 
time 

(ns) 


Power 
dissipa- 
tion 
(mW) 


Dual D-Type Edge-Triggered Flip-Flop with 
Set and Reset 


M74LS74AP 


0-50 


20 


5 


20 


J" 


¥ 


u 


14P4 


74LS74A 


2-74 


Hex D-Type Flip-Flop with Reset 


M74LSI74P 


0-47 


20 


5 


80 


J" 


- 


u 


16P4 


74LS174 


2-214 


Quadruple D-Type Flip-Flop with Reset 


M74LS175P 


0-50 


20 


5 


55 


J 


- 


IT 


16P4 


74LS175 


2-217 


Octal Positive Edge-Triggered D-Type Flip- 
Flop with Reset 


M74LS273P 


0-40 


20 


5 


85 


I 


- 


V 


20P4 


74LS273 


2-304 


Octal Positive Edge-Triggered D-Type Flip- 
Flop with 3-State Outputs 


M74LS374P 


0-40 


20 


4 


135 


I 


- 


- 


20P4 


74LS374 


2-356 


Octal Positive Edge-Triggered D-Type Flip- 
Flop with Enable 


M74LS377P 


0-40 


25 


5 


85 


I 


- 


- 


20P4 


74LS377 


2-363 



_f : Positive-going edge 
(J : Active low-level 



LATCHES, REGISTERS 



Circuit function 


Type 


Typical electrical characteristics 


CD 
.Q 

CD 
C 
LU 


CD 
to 

CD 

rx 


CD c/) 
O) CD 
CD C 

rx O 


Interchangeable 
products 


Page 


Power 
dissipa- 
tion 
(ns) 


Setup 
time 
(ns) 


Hold 
time 
(ns) 


Power 
dissipa- 
tion 
(mW) 


4- Bit Bistable Latch 


M74LS75P 


9 


20 


8 


31.5 


JT 


- 


16P4 


74LS75 


2-77 


M74LS375P 


9 


20 


8 


31.5 


JT 


- 


16P4 


74LS375 


2-360 


Dual 4-Bit Addresable Latch 


M74LS256P 


13 


15 


5 


100 


- 


TT 


1'6P4 


74LS256 


2-288 


8- Bit Addressable Latch 


M74LS259P 


13 


15 


5 


100 


- 


Tf 


16P4 


74LS259 


2-298 


Quadruple R-S Latch 


M74LS279P 


10 


- 


- 


19 


- 


— 


16P4 


74LS279 


2-307 


Octal D-Type Transparent Latch with 3-State 
Outputs 


M74LS373P 


12 


5 


20 


120 


n 


- 


20P4 


74LS373 


2-353 


4-Bit D-Type Register with 3-State Outputs 


M74LS173AP 


23 


17 


6 


85 


s 


JT 


16P4 


74LS173A 


2-210 



J~|_ : Active high-level 
[J : Active low-level 
J~ '. Positive-going edge 



1-4 



A MITSUBISHI 
I 



.ELECTRIC 



MITSUBISHI LSTTLs 

INDEX BY FUNCTION 



SHIFT REGISTERS 



Circuit function 


Type 


Typical e 
charac 


lectrical 
eristics 


rx 


Mode 


CD w 
D) CD 
03 C 

•V ■ — 

%% 

Q. O 


Interchangeable 
products 


Page 


Operating 

frequency 

(MHz) 


Power 

dissipation 

(mW) 


-E 

o 
cc 


"oJ 


T3 

o 

Q. 


tj-5 

IS 

o 
Q 


8- Bit Universal Shift/Storage Register 


M74LS299P 


0-28 


165 


A 


o 


o 


o 


o 


20P4 


74LS299 


2-328 


M74LS323P 


0-28 


165 


S 


o 


o 


o 


o 


20P4 


74LS323 


2-332 


4- Bit Bidirectional Universal Shift Register 


M74LS194AP 


0-45 


75 


A 


o 


o 


o 


o 


16P4 


74LS194A 


2-236 


5-Bit Shift Register 


M74LS96P 


0-45 


60 


A 


o 


- 


o 


- 


16P4 


74LS96 


2-108 


4-Bit Cascadable Shift Register with 3-State 
Outputs 


M74LS395AP 


0-40 


83.8 


A 


o 


- 


o 


- 


16P4 


74LS395 


2-374 


4-Bit Parallel Access Shift Register 


M74LS195AP 


0-60 


70 


A 


o 


- 


o 


- 


16P4 


74LS195A 


2-239 


4-Bit Parallel Access Shift Register 


M74LS95BP 


0-50 


65 


- 


o 


- 


o 


- 


14P4 


74LS95B 


2-105 


4-Bit Shift Register with 3-State Outputs 


M74LS295BP 


0-40 


72.5 


- 


o 


- 


o 


- 


14P4 


74LS295B 


2-322 


8-Bit Serial-ln Parallel-Out Shift Register 


M74LS164P 


0-50 


80 


A 


o 


- 


- 


-> 


14P4 


74LS164 


2-196 


8-Bit Shift Register 


M74LS91P 


0-60 


60 


- 


o 


- 


- 


- 


14P4 


74LS91 


2-95 


8-Bit Parallel-Load Shift Register 


M74LS165AP 


0-38 


105 


- 


o 


— 


— 


— 


16P4 


74LS165A 


2-199 


8-Bit Shift Register 


M74LS166AP 


0-38 


100 


A 


o 


— 


— 


— 


16P4 


74LS166A 


2-203 


8-Bit Shift Register/Latch with 3-State Output 


M74LS595P 






A 


o 


— 


— 


o 


16P4 


74LS595 


2-391 


8-Bit Shift Register/Latch with Open Collector 
Output 


M74LS596P 






A 


o 


- 


- 


o 


16P4 


74LS596 


2-395 



: Asynchronous 
: Synchronous 



ASYNCHRONOUS COUNTERS 



Circuit function 


g 
E 
O 


Type 


Typical electrical 
characteristics 


CD 
O) 

1 ~ 

H 


Parallel 
load 


CD 

CD 
QC 


CD oo 
CD CD 
CO C 

-V — 

S l 

Q- O 


Interchangeable 
products 


Page 


Clock 

frequency 

(MHz) 


Power 
dissipatior 
(mW) 


Decade Counter 


2X5 


M74LS90P 


— 75 
0-30 


45 


\ 


"9" 
set 


Jl 


14P4 


74LS90 


2-92 


2X5 


M74LS290P 


0-75 
0-30 


45 


1 


"9" 
set 


R 


14P4 


74LS290 


2-316 


Presettable Decade Counter/Latch 


2X5 


M74LS196P 


0-80 
0-25 


80 


1 


A 


¥ 


14P4 


74LS196 


2-242 


4- Bit Binary Counter 


2X8 


M74LS93P 


0-60 
0-35 


45 


1 


- 


Jl 


14P4 


74LS93 


2-101 


2X8 


M74LS293P 


0-60 
0-35 


45 


\ 


- 


Jl 


14P4 


74LS293 


2-319 


Presettable 4- Bit Binary Counter/Latch 


2X8 


M74LS197P 


0-80 
0-35 


80 


1 


A 


¥ 


14P4 


74LS197 


2-246 


Divide-by-Twelve Counter 


2X6 


M74LS92P 


0-80 
0-30 


45 


\ 


- 


A 


14P4 


74LS92 


2-98 


Dual Decade Counter 


2X5 


M74LS390P 


0-80 
0-35 


100 


\ 


- 


A 


16P4 


74LS390 


2-368 


Dual 4-Bit Decade Counter 


2X5 


M74LS490P 


0-35 


75 


1 


- 


Jl 


16P4 


74LS490 


2-382 


Dual'4-Bit Binary Counter 


16 


M74LS393P 


0-75 


100 


1 


- 


A 


14P4 


74LS393 


2-371 



~^_ : Negative-going edge 
A : Asynchronous 
"9" set: Output QAand Q D can be set to high directly, and output QBand Qcto Low. 



MITSUBISHI 
.ELECTRIC 



1-5 



MITSUBISHI LSTTLs 

INDEX BY FUNCTION 



SYNCHRONOUS COUNTERS 



Circuit function 


Type 


Typical electrical 
characteristics 


en 
q> 


0) 


v> 
CD 
DC 


<D c/> 
D) CD 
CD C 

D-O 


Interchangeable 
products 


Page 


Clock 
frequency 
(MHz) 


Power 
dissipatior 
(mW) 


Synchronous Presettable Decade Counter with Direct 
Reset 


M74LS160AP 


0-55 


92.5 


J 


S 


A 


16P4 


74LS160A 


2-180 


Fully Synchronous Presettable Decade Counter 


M74LS162AP 


0-55 


92.5 


J" 


S 


S 


16P4 


74LS162A 


2-188 


Synchronous Presettable Up/Down Decade Counter 
with Mode Control 


M74LS190P 


0-38 


100 


I 


A 


- 


16P4 


74LS190 


2-220 


Synchronous Presettable Up/Down Decade Counter 


M74LS192P 


0-38 


95 


I 


A 


A 


16P4 


74LS192 


2-228 


Synchronous Presettable 4- Bit Binary, Counter with 
Direct Reset 


M74LS161AP 


0-55 


92.5 


I 


S 


A 


16P4 


74LS161A 


2-184 


Fully Synchronous Presettable 4- Bit Binary Counter 


M74LS163AP 


0-55 


92.5 


I 


S 


S 


16P4 


74LS163A 


2-192 


Synchronous Presettable Up/Down 4-Bit Binary 
Counter with Mode Control 


M74LS191P 


0-40 


100 


J 


A 


- 


16P4 


74LS191 


2-224 


Synchronous Presettable Up/Down 4- Bit Binary Counter 


M74LS193P 


0-38 


95 


I 


A 


A 


16P4 


74LS193 


2-232 


Synchronous Up/Down Decade Counter 


M74LS668P 


0-45 


100 


S 


S 


— 


16P4 


74LS668 


2-438 


Synchronous Up/Down 4-Bit Binary Counter 


M74LS669P 


0-30 


100 


I 


S 


- 


16P4 


74LS669 


2-444 



_£ : Positive-going edge 
A : Asynchronous 
S : Synchronous 

MONOSTABLE MULTIVIBRATORS 



Circuit function 


Type 


Typical electrical characteristics 


CO CD 

clO 


Interchangeable 
products 


Page 


Output 
pulse 
width 


Power 

dissipatior 

(mW) 


External timing resistor 
/capacitor for setting 
output pulse width ' 


Retriggerable Monostable Multivibrator with 
Reset 


M74LS122P 


70ns — oo 


30 


5~260kQ/No limit 


14P4 


74LS122 


2-127 


Dual Retriggerable Monostable Multivibrator 
with Reset 


M74LS123P 


70ns~°° 


60 


5~260kQ/ No limit 


16P4 


74LS123 


2-132 


Dual Retriggerable Monostable Multivibrator 
with Reset 


M74LS423P 


70ns — co 


60 


5~260kQ/No limit 


16P4 


74LS423 


2-377 


Dual Monostable Multivibrator 


M74LS221P 


33ns — oo 


62.5 


1.4~100kQ/0~1000^F 


16P4 


74LS221 


2-250 



DATA SELECTORS/MULTIPLEXERS 



Circuit function ' 


Type 


Typical 
power 
dissipa- 
tion 

(mW) 


Typical propagation time (ns) 


CD (/) 
CO CD 
03 C 

Q. O 


Interchangeable 
products 


Page 


From strobe 

(enable) 

input to output 


From data 
input to 
output 


From data 
input to 
inverted 
output 


8-Line to 1-Line Data Selector/Multiplexer 
with Strobe 


M74LS151P 

i 


30 


15 


15 


8 


16P4 


74LS151 


2-165 


8-Line to 1-Line Data Selector/Multiplexer 
with 3-State Output 


M74LS251P 


33 


13 


' 15 


7 


16P4 


74LS251 


2-281 


Dual 4-Line to 1-Line Data Selector/ 
Multiplexer with Strobe 


M74LS153P 


31 


12 


10 


— 


16P4 


74LS153 


2-168 


Dual 4-Line to 1-Line Data Selector/ 
Multiplexer with 3-State Output 


M74LS253P 


38.8 


12 


10 


— 


16P4 


74LS253 


2-285 


Dual 4-Line to 1-Line Data Selector/ 
Multiplexer with Strobe(lnverted) 


M74LS352P 


31 


11 


— 


I 7 ■ 


16P4 


74LS352 


2-336 


Dual 4-Lineto 1-Line Data Selector/ 
Multiplexer with 3-State Output (Inverted) 


M74LS353P 


38.8 


13 


— 


8 


16P4 


74LS353 


2-338 


Quadruple 2-Line to 1-Line Data Selector/ 
Multiplexer 


M74LS157P 


48.5 


12 


8 


— 


16P4 


74LS157 


2-176 


Quadruple 2-Line to 1-Line Data Selector/ 
Multiplexer (Inverted) 


M74LS158P 


24 


8 


— 


5 


16P4 


74LS158 


2-178 


Quadruple 2-Line to 1-Line Data Selector/ 
Multiplexer with 3-State Output 


M74LS257AP 


47 


9 


7 


- 


16P4 


74LS257A 


2-292 


Quadruple 2-Line to 1-Line Data Selector/ 
Multiplexer with 3-State Output (Inverted) 


M74LS258AP 


42.2 


10 


— 


7 


16P4 


74LS258A 


2-295 


Quadruple 2-lnput Multiplexer with Storage 


M74LS298P 


65 


12 From 
clock input 


— 


— 


16P4 


74LS298 


2-325 



1-6 



A MITSUBISHI 
I 



.ELECTRIC 



MITSUBISHI LSTTLs 

INDEX BY FUNCTION 



DISPLAY DECODERS/DRIVERS 



Circuit function 


Output 
active 
level 


Type 


Typical electrical characteristics 


CD <s> 
cn cd 
CO c 

-^ _= 

%% 

o_ O 


Interchangeable 
products 


Page 


Power 

dissipation 

(mW) 


Low-level 

current 

output( m A) 


Output 
break-down 
voltage (V) 


BCD-to-Decimal Decoder/Driver 


"L" 


M74LS145P 


35 


24 


15 


16P4 


74LS145 


2-156 


BCD-to-7- Segment Decoder/Driver 


"L" 


M74LS47P 


35 


24 


15 


16P4 


74LS47 


2-62 


BCD-to-7- Segment Decoder/Driver 


"H" 


M74LS48P 


125 


6 


Vcc 


16P4 


74LS48 


2-66 


BCD-to-7-Segment Decoder/Driver 


"L" 


M74LS247P 


35 


24 


15 


16P4 


74LS247 


2-275 


BCD-to-7-Segment Decoder/Driver 


"H" 


M74LS248P 


125 


6 


Vcc 


16P4 


74LS248 


2-278 



Segment Identification of M74LS47P, M74LS48P 



Decimal 
number 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Segment 
identification 


n 
u 


i 


c? 


3 
J 


u 

1 


c 

J 


b 


""I 

1 


o 
u 


o 

1 


e 


3 


u 


C 


h 





Segment Identification of M74LS247P, M74LS248P 



Decimal 
number 





1 


2 


3 


4 


5 


6 


7 


8 . 


9 


10 


11 


12 


13 


14 


15 


Segment 
identification 


n 
u 


! 


2 


3 

J 


u 


c 

J 


s 


"1 
1 


o 
u 


o 

-J 


c 


3 


u 


c 


h 





DECODERS DEMULTIPLEXERS 



Circuit function 


Type ■ 


Typical 

power 

dissipation 

(mW) 


Typical propagation time (ns) 


ra cd 

CO c 

0_O 


Interchangeable 
products 


Page 


From strobe 
(enable) 
input to 
output 


From data 
input to 
output 


BCD-to-Decimal Decoder 


M74LS42P 


35 


- 


12 


16P4 


74LS42 


2-59 


3-Line to 8-Line Decoder/Demultiplexer with 
Address Latch 


M74LS137P 


. 55 


10 


12 


16P4- 


74LS137 


2-147 


3-Line to 8-Line Decoder/Demultiplexer 


M74LS138P 


31.5 


12 


14 


16P4 


74LS138 


2-151 


Dual 2-Line to 4-Line Decoder/Demultiplexer 


M74LS139P 


34 


10 


13 


16P4 


74LS139 


2-154 


Dual 2- Bit Binary to 4-Line Decoder/ 
Demultiplexer with Strobe 


M74LS155P 


30.5 


16 


13 


16P4 


74LS155 


2-170 


Dual 2- Bit Binary to 4-Lm'e Decoder/ 
Demultiplexer with Open Collector Outputs 


M74LS156P 


30.5 


23 


19 


16P4 


74LS156 


2-173 



ENCODER 



Circuit function 


Type 


Typical electrical characteristics 


0) (/) 
CO CD 

CO C 

"I 
O-O 


Interchangeable 
products 


Page 


Propagation 
time 
(ns) 


Power 

dissipation 

(mW) 


Low-level 
output 
current 

(mA) 


High-level 
output 
current 
(mA) 


10-Line to 4-Line Priority Encoder 


M74LS147P 


16 


55 


8 


0.4 


16P4 


74LS147 


2-159 


8-Line to 3-Line Priority Encoder 


M74LS148P 


15 


55 


8 


0.*4 


16P4 


74LS148 


2-162 
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INDEX BY FUNCTION 



COMPARATOR 



Circuit function 


Type 


Typical electrical characteristics 


O) Q) 

CO C 

-I 
Q_ O 


Interchangeable 
products . 


Page 


Propagation 
time 
(ns) 


Power 

dissipation 

(mW) 


Low-level 
output 
current 

(mA) 


High-level 
output 
current 
(mA) 


4-Bit Magnitude Comparator 


M74LS85P 


13 


55 


8 


0.4 


16P4 


74LS85 


2-86 


8-Bit Magnitude Comparator A 


M74LS682P 


20 


210 


24 


0.4 


20P4 


74LS682 


2-452 


M74LS683P 


24 


210 


24 


— 


20P4 


74LS683 


2-456 


M74LS684P 


20 


200 


24 


0.4 


20P4 


74LS684 


2-459 


M74LS685P 


24 


200 


24 


, — 


20P4 


74LS685 


2-462 


M74LS688P 


14 


200 


24 


0.4 


20P4 


74LS688 


2-465 


M74LS689P 


22 


200 


24 


— 


20P4 


74LS689 


2-468 



PARITY GENERATOR/CHECKER 

| 9- Bit Odd/Even parity Generator/C hecker 



M74LS280P 



14P4 



ADDER 



Circuit function 


Type 


Typical 

power 

dissipation 

(mW) 


Typical propagation time (ns) 


CO 3 
Q.O 


Interchangeable 
products 


Page 


Carry time 


Add time 


4- Bit Binary Full Adder with Fast Carry 


M74LS83AP 


102.5 


8 


12 


16P4 


74LS83A 


2-83 


4-Bit Binary Full Adder with Fast Carry 


M74LS283P 


102.5 


8 


12 


16P4 


74LS283 


2-313 



REGISTER FILES 



Circuit function 


Type 


Typical 

power 

dissipation 

(mW) 


Typical propagation time (ns) 


0) {/) 

en <u 

CO c 

CO 3 
Q.O 


Interchangeable 
products 


Page 


Write time 


Read time 


4-By-4 Register File with Open Collector 
Outputs 


M74LS170P 


125 


15 


16 


16P4 


74LS170 


2-207 


4-By-4 Register File with 3-State Output 


M74LS670P 


150 


12 


13 


16P4 


74LS670 


2-449 


4-Bit D-Type Register with 3-State Output 


M74LS173AP 


85 


- 


- 


16P4 


74LS173A 


2-210 



Refer to LATCH and REGISTER sections for M74LS173AP specifications. 
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SYMBOLOGY 



SYMBOLOGY 



Symbol 


Descriptions 


C L 


Load capacitance 


Extenally connected load capacitance 


'max 


Maximum clock frequency 


Maximum input repetition frequency for normal IC operation. 


F| 


Fan-in 


Number of similar inputs 


Fo 


Fan-out 


Number of similar ICs which can be driven by an output 


H 


Indicates the high logic level 


Used in voltage and current suffixes to indicate the high potential level 


1 


Indicates current or input 


Currents flowing into ICs are taken to be positive and those flowing out as negative 


Ice 


Supply current 


The current flowing into the Vcc supply terminal of a circuit 


ICCL 


Low-level supply current 


V C c current when the inputs are such that the output is low. 


'CCH 


High-level supply current 


V C c current when the inputs are such that the output is high. 


leez 


High-impedance supply current 


Vcc current when the inputs are such that the output is in the high-impedance state. 


If 


Forward current 


Forward diode current 


ll 


Input current 


Input current flowing into the IC pin when a voltage is applied. 


llH 


High-level input current 


The current flowing into an input when a specified high voltage is applied. 


IlL 


Low-level input current 


The current flowing out of an input when a specified low voltage is applied. 


lOH 


High-level output current 


Current flowing in the load when the output is high or current flowing when a high level is applied 


1 oi- 


Low-level output current 


The current flowing into an output which is in the low state 


los 


Short-circuit output current 


The current flowing out of an output which is in the high state when that output is short circuit to ground. 


IOZH - 


Off -state high-level output current 


The current flowing into a disabled 3-state output with a specified high output voltage applied 


l0ZL 


Off -state low-level output current 


The current flowing out of a disabled 3-state output with a specified low output voltage applied 


It 


Threshold current 


Current which flows when the threshold voltage is applied to the input 


It + 


Positive threshold current 


Current which flows when the positive threshold voltage is applied to the input 


It- 


Negative threshold current 


Current which flows when the negative threshold voltage is applied to the input 


L 


Indicates the low logic level 


Used in voltage and current suffixes to indicate the low potential level 





Indicates output 




Pd 


Power dissipation 


Product of. the supply voltage and the supply current 


PRR 


Pulse repetition rate 


The rate of repetition of an applied pulse train 


Ta 


Operating free-air temperature 


The temperature of the environment surrounding an IC 


tf 


Falltime 


Time required to fall from the high to the low logic level 


th 


Hold time 


The required hold time for a specified input after an input has changed 


tlatch 


Latch time 


The time from the latching action of input data until the data appears in the output 


Topr 


Operating temperature 


The ambient temperature range for normal IC operation 


tpd 


Propagation delay time 


Amount of time required from a change of input signal until the corresponding change in output, 
expressed as the average propagation time. 


tpHL 


Propagation delay time, high-to- low-level 
output 


Amount of time required from a change of input signal until the output changes from high to low. 


tpHZ 


Output disable time from High level 


Amount of time required from a change of input signal until the output changes from high to 
high-impedance. 


tpi_H 


Propagation delay time, low-to-high-level 
output 


Amount of time required from a change of input signal until the output changes from low to high. 


tp|_Z 


Output disable time from Low level 


Amount of time required from a change of input signal until the output changes from low to 
high-impedance. 


t w 


Pulse width 


The time required for a pulse to change from one specified level to another. 


two 


Output pulse width 


The width of the pulse appearing in the output of a monostable multivibrator 


tpZH 


Output enable time to a High level 


Amount of time required from a change of input signal until the output changes from high-impedance 
to high. 


tpZL 


Output enable time to a Low level 


Amount of time required from a change of input signal until the output changes from high-impedance 

to low. 

Time required to rise from the low to the high logic level 


tr 


Risetime- 


tree 


Recovery time 


Time from the point at which the input states are cancelled until the next clock pulse may be applied. 


Tstg 


Storage temperature 


The range of surrounding storage temperature for an IC. 


tsu 


Setup time 


The required hold time for other inputs before a particular input may be changed. 


Vcc 


Supply voltage 


The voltage of power supply voltage over which the device is guaranteed to operate within the 
specified limits. 
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SYMBOLOGY 



Symbol 


Descriptions 


Vbe 


Base-emitter voltage 




Vf 


Forward voltage 


Forward voltage applied to a diode 


V| 


Input voltage 


Voltage applied to an input 


Vic 


Input clamp diode voltage 


The forward voltage applied to an input clamping diode. 


Vie 


Input emitter-emitter voltage 


The emitter-to-emitter voltage for a multi-emitter transistor input. 


V| H 


High-level input voltage 


The range of input voltages that represents a logic high in the system. 


Vil 


Low-level input voltage 


The range of input voltages that represents a logic low in the system. 


Vo 


Output voltage 


Voltage applied to or appearing at an output 


Voh 


High-level output voltage 


Voltage at an output in the high state 


Vol 


Low-level output voltage 


Voltage at an output in the low state 


V P 


Pulse amplitude 


The difference between the low level and high level of a pulse. 


V T 


Threshold voltage 


The input voltage beyond at which the output changes 


Vt+ 


Positive-going threshold voltage 


The threshold voltage at which the output changes when the input is changing from low to high. 


Vt- 


Negative-going threshold voltage 


The threshold voltage at which the output changes when the input is changing from high to low. 


z 


Indicates the off-state 


Indicates that the output is in the high-impedance state. 


Zo 


Output impedance 


The load impedance which should be connected to such devices as pulse generators. 
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PACKAGE OUTLINES 



TYPE 14P4 14-PIN MOLDED PLASTIC DIL 

, + 0.5 




( Tu i MMMMJ a 



2. 54 ±0.25 



B 



0.5±0.1 



- +0.3 
'-0.1 



Dimension in mm 



TYPE 16P4 16-PIN MOLDED PLASTIC DIL 




I II I L_J I II luu 






AAAAAAA 



i +0.3 
1 -0.1 



2. 54 ±0.25 



F 



4.5MAX 



,±0.07 
-0.05 



7.6-10 



Dimension in mm 



TYPE 20P4 20-PIN MOLDED PLASTIC DIL 




Dimension in mm 



UUUAAAAAA 



., c +0.3 . +0.3 
1 -0.1 -0.1 



7.6 - 10 
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DATA SHEETS 



SCHEMATICS OF INPUTS AND OUTPUTS 

INDIVIDUAL DATA 







MITSUBISHI LSTTLs 



SCHEMATICS OF INPUTS AND OUTPUTS 



Schematics of inputs and outputs of the M74LS00P series ual data. Reference should be made when circuitry is being 
are shown in 1-1 ~ 1-11 and in 0-1 ~0-17, respectively, for designed, 
devices whose circuit diagrams are not given in the individ- 



SCHEMATICS 


OF INPUTS AND OUTPUTS 








Type designation 


Schematics of inputs 


Schematics of outputs 


Fig. 


R (Q) 


Pin 


Fig. 


R (equivalent resistance) 12 


M74LS42P 


1-1 


17k 


All inputs 


0-1 


120 


M74LS47P 


I -1 


25k 


d a ~d d 


0-2 


- 


1-1 


20 k 


UT, rbI 


1-2 


RiN=10k 


bT/rbo 


1-2 


R O uT = 20k 


BI/RBO 


M74LS48P 


I -1 


25 k 


D A ~D D 


0-3 


2k 


I -1 


20 k 


UT, rbT 


1-2 


RiN=10k 


bT/rbo 


1-2 


RouT=20k 


BI/RBO 


M74LS73AP 


I -1 


26 k 


J, K 


0-14 


120 


I -1 


9k 


T 


1-3 


9k 


Rd" 


M74LS74AP 


1-3 


8k 


Sd, Rd 


0-14 


120 


I -4 


18k 


T 


1-5 


31k 


D 


M74LS75P 


1-1 


18k 


D 


0-15 


120 


I -1 


4.5k 


E 


M74LS76AP 


1-1 


26k 


J,K 


0-14 


120 


1-1 


9k 


T 


1-3 


9k 


Sd, Rd 


M74LS83AP 


1-1 


18k 


Co 


0-1 


120 


I -1 


9k 


Ai~A4, Bi~B4 


M74LS85P 


1-6 


17k 


Ia<b, 'a>b 


0-1 


120 


1-7 


R! = 15k, R 2 =8.5k 


U=b 


I -7 


R 1 =8.5k, R 2 =17k 


A ~A 3 , Brj~B 3 


M74LS90P 


I -1 


17k 


Sd(9)1, Sd(9)2, RdI, RD2 


0-13 


R = 120, Ri = 17k 
R 2 =17k, R 3 =9k 


Qb 


1-8 


R 1 = 8.5k,R 2 =8.5k,R 3 =8.5k 


TT 


1-8 


Ri = 5.8k,R 2 =5.8k,R 3 =4.4k 


Ti 


0-15 


120 


Qa.Qc, Qd 


M74LS91P 


1-1 


26 k 


Dsi, Ds2 


0-15 


,120 


I -1 


19k 


T 


M74LS92P 


I -1 


17k 


Rdi, RD2 


0-13 


R = 120, Ri=17k 
R 2 =17k,R 3 =9k 


Qc 


1-8 


R 1 =8.5k,R 2 =8.5k,R 3 =8.5k 


TT 


1-8 


Ri=5.8k, R 2 =5.8k, R 3 =4.4k 


TF 


0-15 


120 


Qa, Qb, Qd 


M74LS93P 


1-1 


17k 


Rdi, RD2 


0-15 


120 


Qa, Qd 


1-8 


Ri = 8.5k,R 2 =8.5k 
R 3 =8.5k , 


tT 


0-13 


R = 120, Ri = 17k 
R 2 =17k,R 3 =9k 


Qb 


1-8 


R!=13k,R 2 =13k 
R 3 = 9k 


Tz" 


R = 120, Ri = 10k 
R 2 =10k,R 3 =9k 


Qc 


M74LS95BP 


1-1 


17k 


Tr.TJI 


0-15 


120 


1-1 


9k 


M/C 


I -1 


20k 


Ds, D ~D 3 







Note: All resistances given are typical values. 
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SCHEMATICS OF INPUTS AND OUTPUTS 



Type designation 


Schematics of inputs 


Schematics of outputs 


Fig. 


R (Q) 


Pin 


Fig. 


R (equivalent resistance) £2 


M74LS96P 


1-1 


26k 


Ds 


0-15 


120 


1-1 


18k 


Rd, T, Sdo~Sd4 


1-1 


3.4k 


LOAD 


M74LS107AP 


1-1 


26k 


J, K 


0-14 


120 


1-1 


9k 


T 


I -3 


9k 


Rd" 


M74LS109AP 


I -3 


8k 


Sd, Rd 


0-14 . 


120 


I -4 


18k 


T 


1-5 


31k 


J, K 


M74LS112AP 


1-1 


24k 


J, K 


0-14 


120 


1-1 


9k 


T 


1-3 


9k 


Sd, Rd 


M74LS113AP 


1-1 


24k 


J, K 


0-14 


120 


1-1 


9k 


T 


1-3 


9k 


s5 


M74LS114AP 


1-1 


24k 


J, K 


0-14 


120 


1-1 


4.8k 


T 


1-3' 


9k 


Sd" 


I -3 


4.5k 


Rd". 


M74LS122P 


1-1 


17k 


All inputs 


0-1 


120 


M74LS123P 


1-1 


17k 


All inputs 


0-1 


120 


M74LS137P 


1-9 


15k 


D0-D3 


0-5 


120 


1-1 


20k 


E,.r 2 .F L . 


M74LS138P 


1-9 


10k 


D ~D 3 


0-5 


120 


1-1 


20k 


El, 11, "El 


0-5 


120 


M74LS139P 


1-1 


17k 


All inputs 


0-1 


120 


M74LS145P 


1-1 


17k 


All inputs 


0-6 


- 


M74LS147P 


1-1 


17k 


All inputs 


0-5 


120 


M74LS148P 


1-1 


17k 


dJJ, e 


0-5 


120 


1-1 


9k 


dT~d7 


M74LS151P 


1-1 


17k 


All inputs . 


0-1 


120 


M74LS153P 


1-1 


17k 


All inputs 


0-1 


120 


M74LS155P 


1-1 


17k 


All inputs 


0-1 


120 


M74LS156P 


1-1 


17k 


All inputs 


0-7 


- 


M74LS157P 


1-1 


17k 


1Do~4Do, 1Di~4Di 


0-1 


120 


1-1 


8.5k 


S A , G 


M74LS158P 


1-1 


17k 


1Do~4D , 1DT-4D! 


0-1 


120 


1-1 


8.5k 


S A , G 


M74LS160AP 


1-1 


20k 


D A ~D D , T, Ep, Rd 


0-15 


120 


1-1 


9k 


e t , load 


M74LS161AP 


1-1 


20k 


D a ~D d , T, E p , RB 


0-15 


120 


1-1 


9k 




E t , LOAD 


M74LS162AP 


1-1 


20 k 


D A ~D D , T,E P 


0-15 


120 


1-1 


9 k 


E T , R, LOAD 


M74LS163AP 


1-1 


20 k 


D A ~D D , T, E P 


0-15 


120 


1-1 


9k 


E T , R, LOAD 
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SCHEMATICS OF INPUTS AND OUTPUTS 



Type designation 


Schematics of inputs 


Schematics of outputs 


Fig. 


R (Q) 


Pin 


Fig. 


R (equivalent resistance) £1 


M74LS164P 


I -1 


20 k 


All inputs 


0-15 


120 


M74LS165AP 


I -9 


9k 




0-8 


120 


T, T, NH , LOAD 


1-1 


18k 


D ~D 7 


1-1 


22k 


Ds 


M74LS166AP 


I -9 


9k 




0-8 


120 


R D , LOAD, T, Tinh 


1-1 


18k 


D ~D 7 


1-9 


12k 




0-8 


120 


LOAD 


1-1 


22k 


Ds 


M74LS170P 


1-1 


8.5k 


Er, Ew 


0-2 


- 


1-1 


17k 


D ~D 3 , R A , Rb, W a , W b 


M74LS173AP 


1-1 


19k 


All inputs 


0-9 


100 


M74LS174P 


1-1 


17k 


T, Rrj 


0-15 


120 


1-1 


30k 


D ~D 5 


M74LS175P 


1-1 


17k 


t,Rd~ 


0-15 


120 


1-1 


30 k 


D ~D 3 


M74LS190P 


1-1 


5.7k 


E 


0-15 


120 


1-1 


17k 


All inputs except E 


M74LS191P 


1-1 


5.7k 


E 


0-15 


120 


1-1 


17k 


All inputs except E* 


M74LS192P 


1-1 


23 k 


D A ~D D 


0-15 


120 


1-1 


17k 




Tu, T D , Rd, LOAD 


M74LS193P 


1-1 


23k 


D A ~D D 


0-15 


120 


1-1 


17k 


Tu, T D , Rd, LOAD 


M74LS194AP 


1-1 


25 k 


Dsr, D S l, D ~D 3 


0-15 


120 


1-1 


17k 


T, R~U, M/d, M/C 2 


M74LS195AP 


1-1 


20k 


J, K", D ~D 3 , M/C 


0-15 


120 


1-1 


17k 


T, RH 


M74LS196P 


1-1 


17k 




0-15 


120 


D A ~D D , LOAD 


1-1 


8.5k 


R5 


1-8 


R 1 =5.7k,R 2 =6.5k,R 3 =7k 


TT 


1-8 


Ri = 5.7k,R 2 =5.7k,R 3 =5.7k 


t7 


M74LS197P 


1-1 


17k 


d a -d d , load 


0-15 


120 


1-1 


8.5k 


*0 


I -8 


Ri = 5.7k,R 2 =6.5k,R 3 =7k 


TT 


1-8 


R 1 = 14k,R 2 =13k,R 3 =13k 


T2 


M74LS221P 


1-1- 


24 k 


A 


0-1 


120 


I -11 


R 1 = 45k,R 2 =24k,R 3 = 9.5k 
R 4 =14k,R 5 =1.7k 


B 


I -10 


R 1 = 12k,R 2 =9.5k 
R 3 =14k, R 4 =1.7k 


RB 


M74LS247P 


1-1 


25k 


d a ~d d 


0-2 


- 


1-1 


20 k 


LT, RBI 


I -2 


RiN=10k 


BT/RBO x 


1-2 


Rout = 20k 


BI/RBO 


M74LS248P 


1-1 


25k 


d a ~d d 


0-3 


2k 


1-1 


20 k 


LT, RBl 


1-2 


RiN = 10k 


bT/rbo 


1-2 


RouT=20k 


BI/RBO 
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SCHEMATICS OF INPUTS AND OUTPUTS 



Type designation 




Schematics of i 


iputs 


Schematics of outputs 


Fig. 


R (Q) 


Pin 


Fig. 


R (equivalent resistance) 12 


M74LS251P 


1-1 


17k 


All inputs 


0-11 


100 


M74LS253P 


1-1 


19k 


Sa, S b , 10C, 20C 


0-4 


100 


1-1 


17k 


ID0-ID3, 2D ~2D 3 


0-12 


100 


M74LS256P 


1-1 


17k 


S A , S B , 1D, 2D,R~ 


0-16 


120 


1-9 


9.5k 


M/C 


M74LS257AP 


1-1 


8.5k 


S A 


0-9 


100 


1-1 


17k 


OC, 1Do~4D , 1Di~4Di 


M74LS258AP 


1-1 


8.5k 


Sa 


0-9 


100 


1-1 


17k 


OC, 1D ~4D , 1Di~4D! 


M74LS259P 


1-1 


17k 


S A ~S C , D, R 


0-16 


120 


I -9 


9.5k 


M/C 


M74LS273P 


1-1 


17k 


T, Rd 


0-15 


120 


1-5 


28 k 


1D-8D 


M74LS280P 


1-1 


20k 


All inputs 


0-1 


120 


M74LS283P 


1-1 


18k 


Co 


0-1 


120 


1-1 


9k 


A!~A 4 , B!~B 4 


M74LS290P 


1-1 


17k 


Sd(9)1, Sd(9)2 RD1, RD2 


0-13 


R = 120, R! = 17k 
R 2 =17k,R 3 =9k 


Qb 


1-8 


Ri=8.5k,R 2 =8.5k,R 3 =8.5k 


■ TT 


I -8 


Ri =5.8k , R 2 =5.8k , R 3 =4.4k 


Ti 


0-15 . 


120 


Qa, Oc, Qd 


M74LS293P 


I -1 


17k 


Rdi, RD2 


0-15 


120 


Qa, Qd 


I -8 


Ri = 8.5k, R 2 =8.5k 
R 3 =8.5k 


tT 


0-13 


R = 120, R! = 17k 
R 2 =17k,R 3 =9k 


Ob 


I -8 


Ri=13k, R 2 =13k 
R 3 =9k 


Ti 


R = 120, Ri = 10k 
R 2 =10k, R 3 =9k 


'.Qc 


M74LS295BP 


1-1 


18k 


T 


0-9 


100 


1-1 


20 k 


OC, M/C 


1-5 


30k 


D S 


1-5 


20k 


D ~D 3 i 


M74LS298P 


1-1 


17k 


T 


0-15 


120 


1-1 


20 k 


S A , 1Do~4D , 1DT-4D! 


M74LS299P 


1-1 


10k 


M/d, M/C 2 


t 
0-9 


100 


Oo~Q? 


1-1 


20k 


OC~T, OC 2 , Rd, T 


1-5 


20 k 


Dsr, Dsl, D ~D 7 


0-1 


120 


Qb, Q7 


M74LS323P 


1-1 


10k 


M/C1, M/C 2 


0-9 


100 


Q ~Q 7 


1-1 


20k 


OC1, OC 2 , Rd", T 


1-5 


20k 


Dsr, D sl , D ~D 7 


0-1 


120 


Q'o, Q? 


M74LS352P 


r-1 


19k 


Sa, S b , Tg", 2G 


0-1 


120 


1-1 


17k 


1D ~1D 3 , 2D ~2D 3 


M74LS353P 


1-1 


19k 


S A , S b , 10C, 20C 


0-12 


100 


1-1 


17k 


1D ~1D 3 , 2D ~2D 3 


M74LS373P 


1-1 


17k 


1D-8D 


0-9 


100 


I -9 


9k x 


E, OC 


M74LS374P 


I -1 


30k 


1D-8D 


0-9 




I -9 


9k 


T, OC 
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SCHEMATICS OF INPUTS AND OUTPUTS 



Type designation 


Schematics of inputs 


Schematics of outputs 


Fig. 


R <Q) 


Pin 


Fig. 


R (eqi 


jivalent resistance) 12 


M74LS375P 


I -1 


18k 


1D-4D 


0-15 


120 


I -1 


4.5k 


1-2E, 3-4E 


M74LS377P 


I -1 


17k 


T,E 


0-15 


120 


1-5 


28k 


1D-8D 


M74LS390 


I -1 


17k 


Rd 


0-17 


120 


I -8 


R 1 = 14k,R 2 =14k,R 3 =14k 


T7 


I -8 


Ri = 8.5k,R 2 =8.5k,R 3 =8k 


T£ 


M74LS393P 


I -1 


17k 


Rd 


0-17 


120 


I -8 


R 1 =14k,R 2 =14k ) R 3 =14k 


T 


M74LS395AP 


I -1 


18k 


T 


0-9 


100 


Qo~Q3 


I -1 


20 k 


oc, m/c.rH 


I -5 


30 k 


Ds 


I -5 


20k 


D ~D 3 


0-17 


, 120 


Q 3 


M74LS423P 


I -1 


17k 


All inputs 


0-1 


120 


M74LS490P 


, I "1 


17k 


Sd(9), Rd 


0-17 


120 


I -8 


R 1 = 14k,R 2 =14k,R 3 =14k 


T 


M74LS595P 


I -1 


19k 


Ds 


0-9 


Qo~Q7 


I -9 


13k 


*<nm 


0-8 


Q/ 


M74LS596P 


1-1 


19k 


Ds 


0-2 


Qo~Q7 


1-9 


13k 


tofc 


0-8 


oy 


M74LS668P 


1-1 


8.5k 




0-15 


120 


Qa.Qb QcQd 


LOAD 


1-1 


17k 


U/D, T, Ep, It 


I -5 


20 k 


D A ~D d 


0-1 


120 


RCO 


M74LS669P 


I -1 


8.5k 




0-15 


120 


Qa.Qb, QcQd 


LOAD 


I -1 


17k 


u/d, t,"e7, 17 


I -5 


20 k 


D A ~D D 


0-1 


120 


RCO 


M74LS670P 


I -1 


8.5k 


Ew 


0-10 


120 


I -7 


Ri=8.5k,R 2 =17k 


OC 


I -1 


17k 


Ra,Rb,W a ,Wb,Do~D 3 


M74LS682P 


I -9 


14k 


Po~P7 


0-5 


100 


1-12 


Ri=14k, R 2 = 24k 


Qo-Qi 


M74LS683P 


I -9 


14k 


P0~P7 


0-7 





I -12 


Ri=14k. R 2 = 24k 


Qo~Qi 


M74LS684P 


I -9 


14k 


±At) 


0-5 


100 


M74LS685P 


I -9 


14k 


4:At) 


0-7 


— 


M74LS688P 


I -9 


14k 


l£At) 


0-5 


100 


M74LS689P 


1-9 


14k 


±At) 


0-7 


— 
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SCHEMATICS OF INPUTS AND OUTPUTS 



Schematics of inputs 



i-l 



Vcco- 



INPUTO 



fr 



1-2 



Vcco 



OUT ^R, N 




1-3 



VccO- 



INPUTO 






1-4 



Vcco- 



W 



1-5 



1-6 



VccO- 



VccO- 



tW" 



itr 



INPUT O 



14- 



■# 



-rW- 



7^ 



1-7 



VccO- 



INPUTO 



* 



#7" 



-J4— 



1-8 



1-9 



VccO- 




VccO 



INPUTO-f— ^ x 1 ^ ^-f 




77r 



W 



■fr 



1-10 



1-11 



VccO- 



VccO- 



INPUTO- 



* 



f l« * 



input o-t-rJS|- 



r^Rs 5r < 



-R 



:rs 
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SCHEMATICS OF INPUTS AND OUTPUTS 



Schematics of outputs 



0-1 




OVcc 



O OUTPUT 



0-2 




-OVcc 



-O OUTPUT 



777 



0-3 




-OVcc 



-O OUTPUT 



0-4 



0-5 



0-6 




OVcc 



O OUTPUT 



-OVcc 



L^W\r->JU OC 



J4 f O OUTPUT 




77T 




OVcc 



0-7 



0-8 



0-9 




OVcc 




-OVcc 



-O OUTPUT 



777 




OVcc 



0-10 




OVcc 



X ° v cc 




0-12 



-£ OVcc 



OC 



K 




w 
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SCHEMATICS OF INPUTS AND OUTPUTS 



0-13 



FEEDBACK OF . 
SLAVE FLIP-FLOP 




0-14 



FEEDBACK OF -^ f 

SLAVE FLIP-FLOP 




OVcc 



0-15 



FEEDBACK OF -<= ► 

SLAVE FLIP-FLOP 




OVcc 



0-16 



0-17 




OVcc 



t — O OUTPUT 



■=»► FEEDBACK 
OF SLAVE 
FLIP-FLOP 



FEEDBACK 

OF SLAVE < — «► 

FLIP-FLOP 




OVcc 
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M74LS00P 

QUADRUPLE 2-INPUT POSITIVE NAND GATES 



DESCRIPTION 

The M74LS00P is semiconductor integrated circuit contain- 
ing four dual-input positive-logic NAND gates, usable as 
negative-logic NOR gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 8mW typical) 

• High speed (t pc | = 6ns typical) 

• Low output impedance 

• Wide operating temperature range (Ta = -20 ~ +75°C) 

APPLICATIONS 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology enables the achieve- 
ment of input high breakdown voltage, high speed, and low 
power consumption as well as high fan-out. 

When both A and B inputs are high the output Y is low. 
When either A or B input is low the output Y is high. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




OUTPUT 



Outline I4P4 



CIRCUIT SCHEM ATIC 
(EACH GATE) *~ 



20kj7.6kJ 120 < 



AO- 



-«- 



■* 



K 



! "LP 



-ovcc 



5k 
L-^W \ OY OUTPUT 



-OGND 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20—4- 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 
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M74LSOOP 

QUADRUPLE 2-INPUT POSITIVE NAND GATES 



RECOMMENDED OPERATING CONDITIONS(Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







-400 


fiA 


lOL 


Low-level output current 


V L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20-~+75"C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1 .5 


V 


VOH 


High-level output voltage 


V C c = 4.75V, V| = 0.8V, loH=.-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=2V 


| 0L =4mA 




0.25 


0.4 


V 


| 0L = 8m'A 




0.35 


0.5 


V 


llH 


High-level input current 


Voc = .5.25V, V|=2.7V 






20 


/iA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current ( Note 1) 


V C c=5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5.25V, V| = 0V 




0.8 


1.6 


mA 


'CCL 


Supply current, all outputs low 


V C c = 5.25V, V|=4.5V 




2.4 


4.4 


mA 



* : All typical values are at Vcc = 5V,Ta = 25° C. 

Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta -25 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 


Ci_ = l5pF 
( Note 2 ) 




6 


15 


ns 


tpHL 


High-to-low-level output propagation time 




6 


15 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



Vcc 



50 Q = 



iff 



W 



A, B 



i 



V 



\ 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50n 

(2) C|_ includes probe and jig capacitance. 
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M74LS02P 



QUADRUPLE 2-INPUT POSITIVE NOR GATES 



DESCRIPTION 

The M74LS02P is a semiconductor integrated circuit 
containing 4 dual-input positive NOR and negative NAND 
gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 10mW typical) 

• High speed (tpd= 6ns typical) 

• Low output impedance 

• Wide operating temperature range (Ta = -20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology, enables the achieve- 
ment of high input voltage, high speed, low power dissipa- 
tion, and high fan-out. 

When at least input A or input B is high, output Y is low, 
and when both A and B are low, Y is high. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




J]<- 3B 



Outline 14P4 



CIRCUIT SCHEMATIC 
(EACH GATE) [ | 

20kg: 20k<7.6k; 



BO- 



S4- 

14- 



120< 




5k 



< 



-OVcc 



-OGND 

unit: q. 



ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75'C. unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5--M5 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65~-f 150 


°C 





MITSUBISHI 
.ELECTRIC 



2-11 



MITSUBISHI LSTTLs 

M74LS02P 

QUADRUPLE 2-INPUT POSITIVE NOR GATES 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


Voh2?2.7V 







-400 


juA 


lOL 


Low-level output current 


Vol^0.4V 


.0 




4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta 



-20 — h 75°C , unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 


Test conditions 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V CC = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V, l O H = -400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 
V|=2V 


Iol= 4 mA 




0.25 


0.4 


V 


Iol= 8mA 




0.35 


0.5 


V 


llH 


High-level input current' 


V C c = 5.25V, V|=2.7V 






20 


MA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V. 






-0.4 


mA 


'os 


Short-circuit output current (Note 1) 


Vcc=5.25V, V O = 0V 


-20 




-100 


mA 


IfJCH 


Supply current, all outputs high 


V C c = 5.25V, V|=0V 




1.6 


3.2 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5.25V, V|=4.5V 




2.8 


5.4 


mA 



* : All typical values are at Vcc = 5V,Ta = 25° C. 

Note 1 : All measurements should be done quickly, and not more than one 



output should be shorted at a time. 



SWITCHING CHARACTERISTICS (V C c=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 


C L =15pF 

(Note 2) 




6 


15 


ns 


tpHL 


High-to-low-level output propagation time 




6 


15 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



INPUT 
O 



Vcc 



17T 



A, B 



I 



=±=C L 



W 



\ 



i 



tpi_H 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp=3Vp. P , Z o = 50fi 

(2) C|_ includes probe and jig capacitance. 
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M74LS03P 

QUADRUPLE 2-INPUT POSITIVE NAND GATE 
WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS03P is a semiconductor integrated circuit 
containing four dual-input positive-logic NAND gates with 
open collector outputs, usable as negative-logic NOR gates. 

FEATURES 

• Usable in AND-Tie connection 

• High breakdown input voltage (V| > 15V) 

• High breakdown output voltage (Vq ^ 7V) 

• Low power dissipation (Pd = 8mW typical) 

• High speed (t pc | = 10ns typical) 

• Wide operating temperature range (T a = —20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

With use of open collector outputs and SBD inputs 
featuring a high breakdown voltage, the high-level output 
impedance can be selected freely by use of an external load 
resistor. This permits wire-AND connection which has been 
impossible with conventional gates. 

When inputs A and B are high, output Y is low and when 
one or both inputs are low, the output Y is high. 

FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT SCHEMATIC (EACH GATE) 



20k<: 7.6k- 



-J4- 



M [ K 






5k< 



-OVcc 



-OY 
OUTPUT 



-OGND 



ABSOLUTE MAXIMUM RATINGS (Ta- -20-4- 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


V| 


Input voltage 




— 0.5 h 15 


V 


Vo 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 ' 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°C 
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M74LS03P 

QUADRUPLE 2-INPUT POSITIVE NAND GATE 
WITH OPEN COLLECTOR OUTPUT 



RECOMMENDED OPERATING CONDITIONS (T a --20~-+75°C, unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage ■ 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


V =5.5V 







100 


*A 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS(Ta = -20~ + 75C unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C = -18mA 






-1.5 


V 


'oh 


High-level output current 


Vcc=4.75V, V| = 0.8V 
V =5.5V 






100 


vA 


Vol 


Low-level output voltage 


Vrjc = 4.75V 
V| = 2V 


loL=4mA 




0.25 


0.4 


V 


loL=8mA 




0.35 


0.5 


V 


■ih 


High-level input current 


V C C = 5.25V, V|=2.7V 






20 


uA 


Vcc = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


ICCH 


Supply current, all inputs high 


V C c = 5.25V, V|=0V 




0.8 


1.6 


mA 


'CCL 


Supply current, all outputs low 


Vcc=5.25V, V|=4.5V 




'2.4 


4.4 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 
SWITCHING CHARACTERISTICS (V CC = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level/high-to-low-level 
output propagation time 


R L =2kQ 

C L = 15pF (Note!) 




10 


32 


ns 


tpHL 




10 


28 


ns 



Note 1 : Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



Vcc 



Vcc OUTPUT 




A, B 



J 



\ 



Y 



tPHL 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50I2 

(2) C|_ includes probe and jig capacitance. 
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M74LS04P 

HEX INVERTERS 



DESCRIPTION 

The M74LS04P is a semiconductor integrated circuit 
containing 6 inverter circuits. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 12mW typical) 

• High speed (tpd = 6ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology enables the achieve- 
ment of high input voltage, high speed, low power dissipa- 
tion and high fan-out. 

When input A is high, output Y is low, and when A is low, 
Y is high. 



FUNCTION TABLE 



A 


Y 


L 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 


INPUT 1A -* [7 




TTj Vcc 


OUTPUT 1Y *- [T 


T|] <— 6A INPUT 


. INPUT 2 A — ► (T 


T|] -♦ 6Y OUTPUT 


OUTPUT 2Y *- [T 


JJ\ «- 5 A INPUT 


INPUT 3A — ► |T 


To] — ► 5Y OUTPUT 


OUTPUT 3Y «- |T 


T] +- 4A INPUT 


GND {T 


T) -♦ 4Y OUTPUT 


Outline 14P4 



CIRCUIT SCHEMATIC 
(EACH f^ 

INVERTER) 20k| 7 6k 



INPUT AO- 




-OVcc 



L-A^ f OY OUTPUT 



-OGND 

UNIT : Q. 



ABSOLUTE MAXIMUM RATINGS(Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


V , 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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MITSUBISHI LSTTLs 

M74LS04P 

HEX INVERTERS 



RECOMMENDED OPERATING CONDITIONS (Ta = -20 -+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




' Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


Voh^2.7V 







-400 


„A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~4-75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, V| = 0.8V, l O H=-400,uA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 
V,= 2V 


loL : =4mA 




0.25 


0.4 


. V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


vA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 1 ) 


V C c = 5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5.25V, V|=0V 




1.2 


2.4 


mA 


•CCL 


Supply current, all outputs low 


V C c = 5.25V, V|=4.5V 




3.6 


6.6 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C. 
Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


High-to-low-level output propagation time 


C L =15pF 
(Note 2) 




6 


15 


ns 


tpHL 


Low-to-high-level output propagation time 




6 


15 


ns 



Note 2: Measurement circuit 



PG 



Vcc 



^=C L 



W 



TIMING DIAGRAM (Reference level = 1.3V) 



f 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp.p, z = 5on 

(2) C|_ includes probe and jig capacitance. 



\ 






tpHL 



. tpLH 
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M74LS05P 

HEX INVERTERS WITH OPEN COLLECTOR OUTPUTS 



DESCRIPTION 

The M74LS05P is a semiconductor integrated circuit 
containing 6 open collector output inverter circuits. 

FEATURES 

• Usable in AND-Tie connection. 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 12mW typical) 

• High speed (t p d = 10ns typical) 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

With the use of Schottky barrier diodes for the inputs and 
open-collector outputs, the high-level output impedance 
can be selected freely by use of an external load resistor. 
This permits wire-AND connection, which has been impos- 
sible with conventional gates. 

When input A is high, output Y is low, and when A is low, 
Y is high. 



FUNCTION TABLE 



A 


Y 


L 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



INPUT 1A -+ [T 
OUTPUT 1Y *- [T 

INPUT 2A -» [T 
OUTPUT 2Y «- |T 

INPUT 3A -♦ [T 

OUTPUT 3Y 4- [? 

GND \T 



~\y 



-ljC ^ l - 

_ ¥* 

— i_j* 



u\ Vcc 

T|] +- 6A INPUT 

T?] -♦ 6Y OUTPUT 

77] «— 5A INPUT 

To] -*■ 5Y OUTPUT 

9J *- 4A INPUT 

T] -f 4Y OUTPUT 



L I] 



*: OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT SCHEMATIC (EACH INVERTER) 



AO- 






*F 



-OVcc 



-OY 

OUTPUT 



-OGND 
UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20 — h 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5-4- 15 


V 


V 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 
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MITSUBISHI LSTTLs 

M74LS05P 

HEX INVERTERS WITH OPEN COLLECTOR OUTPUTS 



RECOMMENDED OPERATING CONDITIONS (T a --20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V = 5.5V 







100 


V* 


lOL 


Low-level output current 


Vol^0-4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = - 


20—4- 75°C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l|c=-18mA 






-1.5 


V 


I OH 


High-level output current 


V C c = 4.75V, V| = 0.8V, V =5.5V 






100 


UA 


Vol 


Low-level output voltage 


V cc = 4. 75V 
V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


| 0L =8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


AiA 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high 


V C c = 5.25V, V|=0V 




1.2 


2.4 


mA 


'CCL 


Supply current, all outputs low 


Vcc=5.25V, V|=open 




3.6 


6.6 


mA 



* : All typical values are at Vcc = 5V,Ta = 25°C. 



SWITCHING CHARACTERISTICS (V CC =5V, Ta = 25*C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 


Rl_=2kQ 
C|_=15pF (Note!) 




10 


32 


ns 


tpHL 


High-to-low-level output propagation time 




10 


28 


ns 



Note 1: 'Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



INPUT Vcc 

9 9 



50 q : 



Vcc OUTPUT 

9 9 



;Rl 



:C L 



i \ 



tPHL 



1 



tPLH 



(1) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50J2 

(2) Cl includes probe and jig capacitance. 
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MITSUBISHI LSTTLs 

M74LS08P 

QUADRUPLE 2-INPUT POSITIVE AND GATES 



DESCRIPTION 

The M74LS08P is a semiconductor integrated circuit 
containing 4 dual input-positive AND and negative OR 
gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 17mW typical) 

• High speed (t p d = 10ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75° C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology, enables the achieve- 
ment of high input voltage, high speed, low power dissipa- 
tion, and high fan-out. 

When both inputs A and B are high, output Y is high, and 
when either or both of the inputs are low, Y is low. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 



CIRCUIT SCHEMATIC 
(EACH GATE) r r 1 

20ki 11ki 7.6k « 



fAO- 



(BO- 



JEJE 




-OVcC 



-OGND 
unit: Q 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20 h 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5--M5 


V 


Vo 


Output voltage 


High-level state 


-0.5~ + V C c 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65~ +150 


°c 
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MITSUBISHI LSTTLs 

M74LS08P 

QUADRUPLE 2-INPUT POSITIVE AND GATES 



RECOMMENDED OPERATING CONDITIONS (Ta = -20- +75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


MA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~-f75°C, unless otherwise noted) 



Symbol 


Parameter 






. Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, lic=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V|=2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 
V| = 0.8V 


l0L ; =4mA 




0.25 


0.4 


V 


l0L=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


vA 


Vcc = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


Vcc = 5.25V, V|=4.5V 




2.4 


4.8 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V|=0V 




4.4 


8.8 


mA 



* : All typical values are at Vcc = 5V,Ta = 25°C. 
Note 1 : All measurement should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (V C c = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


. tpLH 


Low-to-high-level output propagation time 


C L = 15pF 
(Note 2) 




9 


15 


ns 


tpHL 


High-to-low-level output propagation time 




10 


20 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



Vcc 



PG 



ITT 



A, B 



J~ 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf - 6ns, t w = 500ns, 

V P = 3V P .p,Z o = 50n 

(2) Cl includes probe and jig capacitance. 
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MITSUBISHI LSTTLs 

M74LS09P 

QUADRUPLE 2-INPUT POSITIVE AND GATES WITH OPEN COLLECTOR OUTPUTS 



DESCRIPTION 

The M74LS09P is a semiconductor integrated circuit 
containing 4 dual-input positive AND and negative OR 
gates with open collector output. 

FEATURES 

• Usable in wire-AND connection 

• High breakdown input voltage (V| ^ 15V) 

• High breakdown output voltage (V ^ 7V) 

• Low power consumption (P d = 17mW typical) 

• High speed (t pd = 13ns typical) 

• Wide operating temperature range (T a = -20 ~ +75° C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

With the use of open collector output, the high-level output 
impedance can be freely selected by means of an external 
load resistor. This enables use in wire-AND, which has been 
impossible with conventional gates. 

When both inputs A and B are high, output Y is high and 
when either or both of them are low, Y is low. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 




* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT SCHEMATIC 
(EACH GATE) ^ — • — 



20k| 11k£ 7.6k< 



• f AO- 
INPUTS^ 



-M- 



tt 



S4r 



-ovcc 




-OGND 



ABSOLUTE MAXIMUM RATINGS <T a 



-20 h75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- +7 


V 


Vi 


Input voltage 




-0.5-+15 


V 


Vo 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 
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MITSUBISHI LSTTLs 

M74LS09P 

QUADRUPLE 2-INPUT POSITIVE AND GATES WITH OPEN COLLECTOR OUTPUTS 

RECOMMENDED OPERATING CONDITIONS (T a = -20~+7S'C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


Vo =5.5V 







100 


/iA 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


I OH 


High-level output current 


V C c = 4.75V, V|=2V, V =5.5V 






100 


vA 


Vol 


Low-level output voltage 


V C c = 4.75V 
V| = 0.8V 


loL = 4mA 




0.25 


0.4 


V 


l0L = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


^A 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high < 


V C c = 5.25V, V| = 0V 




2.4 


4.8 


mA 


'COL 


Supply current, all outputs low 


V C c = 5.25V, V| = 4.5V 




4.4 


8.8 


mA 


* : All typical values are at V C c = 5V, Ta = 25°C. 
SWITCHING CHARACTERISTICS (Vco=5V, Ta = 25"C.unlessotherwisenoted) 


Symbol 


. Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


High-to-low-level output propagation time 


R|_=2k£ 




15 


35 


ns 


tpHL 


Low-to-high-level output propagation time 


C L =15pF (Note 1) 






10 


35 


ns 



Note 1 : Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



INPUT Vcc Vcc OUTPUT 

9 9 9 9 



: r l 



50Q : 



r^C L 



A, B 



/ 



\ 



f 



\ 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p, z = 5on 

(2) C|_ includes probe and jig capacitance. 
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M74LS10P 

TRIPLE 3-INPUT POSITIVE NAND GATES 



DESCRIPTION 

The M74LS10P is a semiconductor integrated circuit 
containing three triple-input positive NAND and negative 
NOR gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 8mW typical) 

• High speed (t p d = 6ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use Schottky TTL technology has enabled the 
achievement of high input voltage, high speed, low power 
dissipation and high fan-out. 

When all inputs A, B and C are high, output Y is low, and 
when one or more of the inputs is low, Y is high. 



FUNCTION TABLE 



A 


N 


Y 


L * 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



N = B-C 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 




Outline 14P4 



CIRCUIT SCHEMATIC 
(EACH GATE) \ 1 

20k| 7.6k< 



r ao 

BO- 
CO 






K 



5k 



£ 



2.8k- 




N 



-ovcc 



-OY OUTPUT 



-OGND 
UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (T a = -20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~+Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


T stg 


Storage temperature range 




-65--M50 


'C 
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MITSUBISHI LSTTLs 

M74LS10P 



TRIPLE 3-INPUT POSITIVE NAND GATES 



RECOMMENDED OPERATING CONDITIONS (T a =-20-+75-C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


Voh^2-7V 







-400 


/iA 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20 ~ 4 -75°C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


V, L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V| = 0.8V, loH=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
Vj=2V 


l0L=4mA 




0.25 


0.4 


V 


l0L=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c = 5.25V, V| = 2.7V 






20 


VA 


V C c = 5.25V, V|=10V 






0.1 


mA 


hL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


■os 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5.25V, V|=0V 




0.6 


1.2 


mA 


'CCL 


Supply current, all outputs low 


V C c = 5.25V, V|=4.5V 




1.8 


3.3 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C. 
Note 1 : All measurements should be done quickly, and not more than one 



output should be shorted at a time. 



SWITCHING CHARACTERISTICS (V CC =5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 


C L =15pF 
(Note 2) 




6 


15 


ns 


tpHL 


High-to-low-level output propagation time 




9 


15 


ns 



Note 2: Measurement circuit 



INPUT 




50Q: 



Vcc 



777- 



OUTPUT 
9 



W 



(1 ) The pulse generator (PG) has the foj lowing characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3V P .p, Z o = 50f2 

(2) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A-C 



I 



1 

tpHL 
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M74LS11P 

TRIPLE 3-INPUT POSITIVE AND GATE 



DESCRIPTION 

The M74LS11P is a semiconductor integrated circuit 
containing three triple-input positive AND and negative OR 
gates. 

FEATURES 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Prj = 13mW typical) 

• High speed (t pc j = 10ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology and active output 
pullups enables the achievement of input high breakdown 
voltage, high speed, lower power dissipation and high fan- 
out. 

When inputs A, B and C are high, output Y is high and 
when one or more of the inputs is low, Y is low. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



INPUTS 



1B -► \T 
1C -> |T 

2 A -* [T 

2B -> [T 

2C -> \T 

OUTPUT 2Y «- QT- 

GND [T 




■vy- 



i 



& 



U] Vcc 

T3] «- 1A INPUT 

T|] — ► 1Y OUTPUT 

77) — 3A 

To] — 3B 

T| <- 3C 

T| -♦ 3Y OUTPUT 



Outline 14P4 



N = B-C 



CIRCUIT SCHEMATIC (EACH GATE) 



20k| 11k ^ 7.6k 



fAO- 



IN- 
PUTS 



BO- 

Ico- 






iLi.iL 



^ 




-ovcc 



-OGND 



ABSOLUTE MAXIMUM RATINGS (T a = 



- 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-+15 


V 


V 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°C 


Tstg 


Storage temperature range 




-65-+150 


°C 
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MITSUBISHI LSTTLs 

M74LS11P 

TRIPLE 3-INPUT POSITIVE AND GATE 



RECOMMENDED OPERATING CONDITIONS(Ta=-20~+75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V H^2.7V 







-400 


juA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~-4-75' , C f unless otherwise noted ) 



Symbol 


Parameter 




Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1 .5 


V 


VOH 


High-level output voltage 


Vcc=4.75V, V| = 2V, l O H=-400/M 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V| = 0.8V 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


/iA 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


V C c=5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5. 25V, V|= 4.5V 




1.8 


3.6 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5.25V, V|=0V 




3.3 


6.6 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 

Note 1 : All measurements should be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Para meter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high output level propagation time 
High-to-low output level propagation time 


C L = 15pF 

(Note 2) 




9 


15 


ns 


tpHL 




10 


20 


ns 



Note 2: Measurement circuit 



PG 



50Q; 



Vcc OUTPUT 



17T 



=£C L 



W 



TIMING DIAGRAM (Reference level = 1.3V) 



A~C 






(1) The pulse generator (PG) has the following characteristics: 
. PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3Vp.p,Z o = 50n. 

(2) Ci_ includes probe and jig capacitance. , 
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M74LS12P 

TRIPLE 3-INPUT POSITIVE NAND GATE WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS12P is a semiconductor integrated circuit 
containing three triple-input positive-logic NAND gates 
with open collector outputs, usable as negative-logic NOR 
gates. 

FEATURES 

• Usable in wire-AND connection 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 6mW typical) 

• High speed (t p d = 13ns typical) 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

With the use of Schottky barrier diodes for the inputs and 
open-collector outputs, the high-level output impedance 
can be selected freely by use of an external load resistor. 
This permits wire-AND connection which has been impos- 
sible with conventional gates. 

When inputs A, B and C are high, output Y is low and 
when one or more of the inputs is low, the output Y is 
high. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



f 1R 


-[I 


^J 


L 


~u\ Vcc 

T|] «- 1A INPUT 


1B 

INPUTS 4 


-Ti" 




2A 


-Li 




?* 












INPUTS - 


2B 


-E 


ml 




TTJ «- 3A ' 






2C 


-Li 


J rt n i 


]0] «- 3 B 


► INPUTS 


OUTPUT 2Y 


-E 


y* \ 


* _ 


H <- 3C . 






GND 


[I 






T] -> 3Y 


OUTPUT 



* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT SCHEMATIC (EACH GATE) 



BO- 
CO- 



S4- 



5e^e5B 






7.6k| 



~*h 



-3*- 



-d4- 



a 



< 



-oVcc 



-OY 

OUTPUT 



-O GND 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5--M5 


V 


V 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°C 


Tstg 


Storage temperature range 




-65- +150 


°C 
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MITSUBISHI LSTTLs 

M74LS12P 

TRIPLE 3-INPUT POSITIVE NAND GATE WITH OPEN COLLECTOR OUTPUT 



RECOMMENDED OPERATING CONDITIONS (T a 



-20 h 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25' 


V 


'oh 


High-level output current 


V =5.5V 







100 


/*A 


lOL 


Low-level output current 


Vol^0-4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20 ~4-75°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input -clamp voltage 


Vcc = 4.75V, 1 10= -18mA 






-1.5 


V 


I OH 


High-level output current 


Vcc = 4.75V, V| = 0.8V. V = 5.5V 






100 


uA 


Vol 


Low-level output voltage 


V C c = 4.75V 
V| = 2V 


loL= : 4mA 




0.25 


0.4 


V 


loL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


A/A 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V f =0.4V 






-0.4 


mA 


'CCH 


Supply current, all inputs high 


V C c = 5.25V, V| = 0V 




0.7 


1.4 


mA 


'CCL 


Supply current, all inputs low 


V C c = 5.25V, V|=4.5V 




1 .8 


3.3 


mA 



* : All typical vlaues are at Vcc = 5V, Ta = 25°C 
SWITCHING CHARACTERISTICS (Vcc=5V. Ta = 25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level/high-to-low level 
output propagation time 


RL=2k£ 

C L = 15pF (Note) 




10 


32 


ns 


tpHL 




15 


28 


ns 



Note: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 





C 


) 


1 


) 


c 






DUT 


PG 










7/ 










50 Q ^ 


7? 


r 


pCL 

7 



i 



X 



X 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp.p, Z o = 50fi. 

(2) Cl includes probe and jig capacitance. 



2-28 



A MITSUBISHI 
I 



l ELECTRIC 



MITSUBISHI LSTTLs 

M74LS13P 

DUAL 4-INPUT NAND SCHMITT TRIGGER 



DESCRIPTION 

The M74LS13P is a semiconductor integrated circuit 
containing two 4-input positive-logic NAND gates having a 
Schmitt trigger function and negative-logic NOR gates. 

FEATURES 

• Suitable for waveform shaping applications 

• Wide hysteresis width (0.8V typical) and high noise 
margin 

• High breakdown input voltage (V| > 15V) 
(V|>15V, V ^7V) 

• Low power dissipation (P^ = 17.5mW typical) 

• High speed (t pd = 16ns typical) 

• Wide operating temperature range (T a = — 20~+75°C) 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology has enabled the 
achievement of input high breakdown voltage, high speed, 
low power dissipation and high fan-out. With positive feed- 
back applied in the circuit, the hysteresis width is 0.8V 
(typical). Accordingly, the noise margin is high. Even slow 
changing input signals result in a shaped waveform output 
without causing oscillation. 

When inputs A, B, C and D are high, output Y is low, 
and when one or more of the inputs are low, Y is high. 

Refer to M74LS14Pfor the typical characteristics. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



-\_/ 



INPUTS 




Outline 14P4 nc : no connection 



CIRCUIT SCHEMATIC 
(EACH SCHMITT TRIGGER) 



17kil1kk 



Do- 



AiliiVti 



-oVcc 




-oGND 



unit: q 



N = B-C-D 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20 h75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5--+-7 


V 


V| 


Input voltage 




-0.5-+15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 
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MITSUBISHI LSTTLs 

M74LS13P 

DUAL 4-INPUT NAND SCHMITT TRIGGER 



RECOMMENDED OPERATING CONDITIONS Oa = -20~+75°C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


M A 


IOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~ +75 C, unless otherwise noted.) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V T + 


Positive-going threshold voltage 


Vcc=5V 


1.4 


1.6 


1.9 


V 


Vt- 


Negative-going threshold voltage 


V CC =5V 


0.5 


0.8 


1 


V 


v t +-Vt- 


Hysteresis width 


V C c=5V 


0.4 


0.8 




V 


V| C 


Input clamp voltage 


Vcc=4.75V, l| =-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V|=.0.5V 
Ioh=— 400/^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 
V|=1.9V 


Iol — 4mA 




0.25 


0.4 


V 


loL = 8mA 




0.35 


0.5 


V 


"t+ 


Input current at positive-going threshold 


V C c=5V, V| = V T 4- 




-0.14 




mA 


It- 


Input current at negative-going threshold 


V C c=5V, V| = V T - 




-0.18 




mA 


Iih 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


juA 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 1) 


V C c=5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


V C c=5.25V, V|=0V 




2.9 


6 


mA 


Iccl 


Supply current, all outputs low 


V C c=5.25V. V|=4.5V 




4.1 


7 


mA 



* : All 

Note 1 : 



typical values are at Vcc = 5V, Ta— 25°C 

All measurements should be done quickly and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (Vcc = 5VTa = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level output propagation time • 
High-to-low-level output propagation time 


C L =15pF (Note 2) 




12 


22 


ns 


tPHL 




20 


27 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM 



PG 



Vcc OUTPUT 

O 



50 Q 



17T 



A, B, C, D 



f 



=pc L 



w 



1.6V 



\ 



\ 



1.3V 



0.8V 



f" 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ris, . , 

Vp = 3V P .p,Z o = 50n. 

(2) C|_ includes probe and jig capacitance 
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M74LS14P 

HEX SCHMITT TRIGGER INVERTERS 



DESCRIPTION 

The M74LS14P is a semiconductor integrated circuit 
containing 6 Schmitt trigger inverter circuits. 

FEATURES 

• Suitable for waveform shaping applications 

• Wide hysterisis width (0.8V typical) and high noise 
margin 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 51 mW typical) 

• High speed (tpd = 12ns typical) 

• Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

The use Schottly TTL technology has enabled the achieve- 
ment of high input voltage, high speed, low power dissipa- 
tion, and high fan-out. With positive feedback applied in 
the circuit, the hysterisis width is 0.8V (typical). Accord- 
ingly, noise margin is high. Even slow changing input signals 
result in a shaped waveform output without casing oscilla- 
tion. 

When input A is high, output Y is low, and when A is low, 
Y is high. 

FUNCTION TABLE 



A 


Y 


L 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 


INPUT 1A — ► [T 
OUTPUT 1Y «- (T 


Tff- 


U\ Vcc 
jj]*- 6 A INPUT 


INPUT 2A-* R" 


~X&7 i — i 


T2] — > 6Y OUTPUT 


OUTPUT 2Y«- [T 


nV^ 1 


U\ *- 5A INPUT 


INPUT 3A -> [T 


^7 L 


]0\— ► 5Y OUTPUT 


OUTPUT 3Y_«- |JL 


lSt L 


T|4_4A INPUT 


GND |T 


l_ 


10 -MY OUTPUT 


Outline 14P4 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 



oVcc 




ABSOLUTE MAXIMUM RATINGS <T a 



-20 h75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-+15 


V 


V 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75°C unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Norn 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


V OH ^2.7V 







-400 


M A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V OL ^0.5V 







8 


mA 
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M74LS14P 



HEX SCHMITT TRIGGER INVERTERS 



ELECTRICAL CHARACTERISTICS (Ta=-20~~4-75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V-T+- 


Positive-going threshold voltage 


V C c = 5V 


1.4 


1.6 


1.9 


V 


V T - 


Negative-going threshold voltage 


V C c = 5V 


0.5 


0.8 


1 


V 


V T 4--Vt- 


Hysteresis 


V CC = 5V 


0.4 


0.8 




V 


Vic 


Input clamp voltage 


V C c=4.75V, hc=-18mA 






-1.5 


V 


V H 


High-level output voltage 


V CC = 4.75V, V| = 0.5V 
l0H=— 400>A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=1.9V 


loL = 4mA . 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


It. 


Input current at positive-going threshold 


V C c=5V, V| = V T 4. 




-0.14 




mA 


It- 


Input current at negative-going threshold 


V C c=5V, V| = V T - 




-0.18 




mA 


Iih 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


/M 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


. V C c = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V,Vo=0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


V C c=5.25V, V| = 0V 




8.6 


16 


mA 


'COL 


Supply current, all outputs low 


Vcc = 5.25V, V| = 4.5V 




12 


21 


mA 



* : All typical values are at Vqc = 5V, Ta = 25 C. 

Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (V C c = 5V,Ta-25C, unless otherwise noted) 



Note 2: Measurement circuit 



Vcc 





c 


j> 


? 


o 
W 


PG 




DUT 








50£> i. 


1 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3V P .p, Z o = 50n 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM 



X 



,6V 



\ 



\ 



-1.3V 



0.8V 



i 



tpLH 



-1.3V 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level output propagation time 


C L =15pF (Note 2) 




12 


22 


ns 


tPHL 


High-to-low-level output propagation time 




12 


22 


ns 



TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE VS INPUT VOLTAGE 

5 



V C c= 5 V 

| H = — 400//A 

Iql= 8 mA . 












































, 


Ta = 
^75^ 










,y 25<c 
^-20^ 


^ 














I 



0.5 1.0 1.5 

INPUT VOLTAGE V| (V) 



2.0 



OUTPUT VOLTAGE VS INPUT VOLTAGE 

5r 



T a =25°C 
Ioh = — 400/iA 
Iql= 8 mA 












































Vcc = 
^5.25V^ 










^4.75V- 


^ 





















0.5 1.0 1.5 

INPUT VOLTAGE V| (V) 



2.0 



2-32 



A MITSUBISHI 
I 



l ELECTRIC 



MITSUBISHI LSTTLs 

M74LS15P 

TRIPLE 3-INPUT POSITIVE AND GATE WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS15P is a semiconductor integrated circuit 
containing 3 triple-input positive AND and negative OR 
gates with open collector outputs. 

FEATURES 

• Usable in wire-AND connection 

• High breakdown input voltage (V| > 15V) 

• High breakdown output voltage (Vq ^ 7V) 

• Low power dissipation (Pd = 13mW typical) 

• High speed (t p d = 13ns typical) 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

With the use of Schottky TTL Technology and open col- 
lector outputs with a high breakdown voltage, the high- 
level output impedance can be selected freely by use of an 
external load resistor. This permits wire-AND connection 
which has been impossible with conventional gates. 

When inputs A, B and C are high, output Y is high and 
when one or more of the inputs is low, Y is low. 



PIN CONFIGURATION (TOP VIEW) 




* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



FUNCTION TABLE 


A 


N 


Y 


L 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


H 



N = B-C 



CIRCUIT SCHEMATIC (EACH GATE) 

oVqc 



20k S 



AO- 
INPUTSJ BO- 
CO 






11ki 7.6k£ 



< 



a, 



i: 



- 5k f 



^3GND 

UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~ +75 C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5 — h 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- + 7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




- 65 - + 1 50 


°C 
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MITSUBISHI LSTTLs 

M74LS15P 

TRIPLE 3-INPUT POSITIVE AND GATE WITH OPEN COLLECTOR OUTPUT 

RECOMMENDED OPERATING CONDITIONS <Ta = -20- +75t. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V =5.5V 







100 


A* A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, hc=-18mA 






-1.5 


V 


lOH 


High-level output current 


Vcc=4.75V, V| = 2V, V = 5.5V 






100 


M A 


Vol 


Low-level output voltage 


V C C=4.75V 
V|=0.8V 


Iol= 4mA 




0.25 


0.4 


V 


Iql= 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V,V|=2.7V 






20 


//A 


Vcc = 5.25V,V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V,V| = 0.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high 


Vcc = 5.25V,V| = 4.5V 




1.8 


3.6 


mA 


ICCL 


Supply current, all outputs low 


Vcc = 5.25V,V|= 




3.3 


6.6 


mA 



*: All typical values are at Vcc = 5 V, Ta = 25°C. 

SWITCHING CHARACTERISTICS ( VCC = 5 V,T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


Rl=2KQ 

C L = l5pF (Note) 




15 


35 


ns 


tpHL 




10 


35 


ns 



Note: Measurement circuit 



INPUT Vcc V GC OUTPUT 

9 9 9 9 



: r l 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B.C 



:C L 



(1 ) The pulse generator (PG) has the following characteristics: 
PBR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p, z = 5on. 

(2) Cl includes probe and jig capacitance. 



/ 



tPHL 
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M74LS18P 

DUAL 4-INPUT NAND SCHMITT TRIGGER 



DESCRIPTION 

The M74LS18P is a semiconductor integrated circuit 
containing two 4-input positive-logic NAND gates having 
a schmitt trigger function and negative-logic NOR gates. 



FEATURES 

• Suitable for waveform shaping applications 

• Wide hysteresis width (0.9V typical) and high noise 
margin 

Reduce low-level input current (PNPTr input) 
High breakdown input voltage (Vx ^ 15V) 
Low power dissipation (Pd = 22mW typical) 
High speed (t pc j = 24ns typical) 
Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

It is an IC with PNPTr inputs, active pull-up in the outputs, 
input high breakdown voltage, high speed, low power dis- 
sipation and high fan-out. With positive feedback applied 
in the circuit, the hysteresis width is 0.9V (typical). Ac- 
cordingly, the noise margin is high. Even slow changing 
input signals result in shaped waveform output without 
causing oscillation. 

When A, B, C and D inputs are high, output Y is low, 
and when more than one is low, Y is high. 

M74LS13P can be replaced with M74LS18P without 
any changes as pin connections, functions, are interchange- 
able. Depending on PNPTr input usage, loading on the 
transmission can be reduced. Depending on the high level 
of the threshold voltage setting, low level noise margin can 
be improved. 

For typical characteristics see M74LS19P. 



PIN CONFIGURATION (TOP VIEW) 



J1A->[T- 
INPUTS \ 

llB-|T- 

NC |J 

Jic->[T- 

INPUTS-^ 

liD-rr 



OUTPUT 1Y*-[T 
GND |T 



"\J- 



IB 



f* 



u\ Vcc 

m*- 2a] 

[ INPUTS 
72]«-2bJ 

77] NC 

To] *- 2C 

- INPUTS 

T\ -* 2Y OUTPUT 



Outline 14P4 



NC: NO CONNECTION 



CIRCUIT SCHEMATIC (Each schmitt trigger) 



24k |6k£ 3.7k ^ 13k k |4k 80 




-Vcc 



OUTPUT 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H. 


H 


L 



N = B-C-D 

ABSOLUTE MAXIMUM RATINGS ( Ta=- 20- 4- 75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 
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MITSUBISHI LSTTLs 

M74LS18P 



DUAL 4-INPUT NAND SCHMITT TRIGGER 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75r, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


Voh^2.7V 







-400 


/M 


"OL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~-+75'C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


v T + 


Positive-going threshold voltage 


Vcc = 5V 


1.65 


1.9 


2.15 


V 


V T - 


Negative-going threshold voltage. 


V C c = 5V 


0.75 


1.0 


1.25 


V 


V T +-Vt- 


Hysteresis width 


Vcc = 5V 


0.4 


0.9 




V 


Vic 


Input clamp voltage 


V C c~4.75V. l| C =-18mA 






-1.5 


v 


Voh 


High-level output voltage 


V C c = 4.75V, V|=0.5V 
Ioh=-400>A 


2.7 


3.4 




' V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V|=1.9V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


It+ 


Input current at positive-going threshold 


V CC = 5V, V|=V T + 




-2 




/"A 


It- 


Input current at negative-going threshold 


V CC = 5V. V|=V T - 




-5 




/"A 


Iih 


High-level input current 


V C c = 5.25V, V|=2.7V 






20 


fit A 


Vcc = 5.25V. V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V| = 0.4V 






-0.05 


mA 


los 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V, V O = 0V 


-20 




— 100 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5.25V, V|=0V 




3.3 


6 


mA 


ICCL 


Supply current, all outputs low 


V C c^5.25V. V|=4.5V 




5.7 


10 


mA 



*: All 
Note 1 : 



typical values are at Vcc = 5V, T a = 25°C. 
All measurements should be done quickly and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level output propagation time 


C L =15pF (Note2) 




12 


20 


ns 


tPHL 


High-to-low-level output propagation time 




37 


55 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM 



INPUT, 
O 



VCC 



77T 



W 



-f 



1.9V 



\ 



tPHL 



\ 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, Vp = 3Vp_p, . 
Z o = 50n 

(2) C|_ includes probe and jig capacitance. 
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M74LS19P 

HEX SCHMITT TRIGGER INVERTER 



DESCRIPTION 

The M74LS19P is a semiconductor integrated circuit con- 
taining 6 schmitt trigger inverter circuits. 

FEATURES 

• Suitable for waveform shaping applications 

• Wide hysteresis width (0.9V typical) and high noise 
margin 

• Reduce low-level input current (PNPTr input) 

• High breakdown input voltage (Vj ^15V) 

• Low power dissipation (P<j = 67mW typical) 

• High speed (t p d = 13ns typical) 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

It is an IC with PNPTr inputs, active pull-up in the outputs, 
input high breakdown voltage, high speed, low power dis- 
sipation and high fan-out. With positive feedback applied 
in the circuit, the hysteresis width is 0.9V (typical). Ac- 
cordingly, the noise margin is high. Even slow changing 
input signals result in shaped waveform output without 
causing oscillation. 

When input A is high, output Y is low, and when A is 
low, Y is high. 

M74LS14P can be replaced with M74LS19P without 
any changes as pin connections, functions, are interchange- 
able. Depending on PNPTr input usage, loading on the 
transmission can be reduced. Depending on the high level 
of the threshold voltage setting, low level noise margin can 
be improved. 



ABSOLUTE MAXIMUM RATINGS 

( Ta = — 20 h 75°C , unless otherwise noted ) 



PIN CONFIGURATION (TOP VIEW) 


INPUT 1A -* |T 
OUTPUT 1Y «- [T 


^ 


u\ Vcc 

jj]*- 6 A INPUT 


INPUT 2A-> R" 
OUTPUT 2Y<- [T 


^f 1 


T7| — ♦ 6Y OUTPUT 
Tl]<- 5A INPUT 


INPUT 3A-+ [T 




To]-» 5Y OUTPUT 


OUTPUT 3Y «- [E 


-U^ 1 


T)«_4A INPUT 


GND \T 


i-J Y__ 


1] -* 4Y OUTPUT 


Outline 14P4 



CIRCUIT SCHEMATIC 




°Vcc 



^Y 
OUTPUT 



FUNCTION TABLE 



A 


Y 


L 


H 


H 


L 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 , 


V 


Vi 


Input voltage 




—0.5 H15 


V 


v 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


"C 


Tstg 


Storage temperature range 




-65- + 150 


^C 



RECOMMENDED OPERATING CONDITIONS ( Ta - -20~+ 75 IC. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







—400 


//A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 
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M74LS19P 

HEX SCHMITT TRIGGER INVERTER 



ELECTRICAL CHARACTERISTICS (Ta=-20~+751C. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


Vt+ 


Positive-going threshold voltage 


V C c = 5V 


1.65 


1.9 


2.15 


V 


Vt- 


Negative-going threshold voltage 


V CC =5V 


0.75 


1.0 


1.25 


V 


V T +-Vt- 


Hysteresis width 


V CC =5V 


0.4 


0.9 




V 


V|C 


Input clamp voltage 


V C c=4.75V, l|o=-18mA 






-1 .5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V|=0.5V 
IOH=-400/iA 


2.1 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=1.9V 


Iol — 4 mA 




0.25 


0.4 


V 


loL = 8mA 




0.35 


0.5 


V 


lT+- 


Input current at positive-going threshold 


Vcc=5V, V,=V T + 




-2 




/"A 


It- 


Input current at negative-going threshold 


V CC = 5V, V|=V T - 




-5 




fjtA 


hH 


High-level input current 


Voc = 5.25V., V|=2.7V 






20 


U A 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V| = 0.4V 






-0.05 


mA 


'os 


Short-circuit output current (Note 1 ) 


V C c=5.25V, V = OV 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


V C c=5.25V, V|=0V 




9.9 


18 


mA 


'COL 


Supply current, all outputs low 


V C c = 5.25V, V|=4.5V 




17 


30 


mA 



* : All typical values are at Vcc = 5V, T a = 25°C. 

Note 1 : All measurements should be done quickly and not more than 

SWITCHING CHARACTERISTICS (v cc = 5v, 



one output should be shorted at a time. 
Ta = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 


C L =15pF (Note 2) 




11 


20 


ns 


tPHL 


High-to-low-level output propagation time 




15 


30 


ns 



Note 2: Measurement circuit 





INPUT 
O 


Vcc 

? 


OU1 


TUT 

> 








DUT 




PG 








Tl 










"l 


1 


r 



TIMING DIAGRAM 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, Vp = 3Vp.p, 
Z = 50ft 

(2) Cl includes probe and jig capacitance. 



4 



1.9V 



I 



\i 



tpHL 



1.0V 



tpLH 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 



V C C = 5V 

Ioh = -400// A 

Iol =8mA 














































Ta 
^75° 










^25° 
-2 


o°c v 





















0.5 1.0 1.5 2.0 

INPUT VOLTAGE V| (V) 



2.5 



OUTPUT VOLTAGE VS. INPUT VOLTAGE 

5 



> 

o 

> 



T a = 25°C 

| H = — 400ywA 

IOL = 8mA 














































Vcc 
^5.2 


5V-^,, 








^5V 
^4.7 


5V 





















0.5 1.0 1.5 2.0 

INPUT VOLTAGE V| (V) 
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M74LS20P 



DUAL 4-INPUT POSITIVE NAND GATE 



DESCRIPTION 

The M74LS20P is a semiconductor integrated circuit 
containing two 4-input positive NAND gates, usable as 
negative-logic NOR gates. 

FEATURES 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 4mW typical) 

• High speed (t pc j = 10ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technolgoy enables the achieve- 
ment of input high breakdown voltage, high speed, low 
power dissipation and high fan-out. 

When inputs A, B and C are high, output Y is low, and 
when one or more of the inputs is low, output Y is high. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



N = B-OD 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 nc: no connection 



CIRCUIT SCHEMATIC (EACH GATE) 



■ovcc 



20k ^ 7.6k| 



i;DO- 




5k 

^M f OY 

OUTPUT 



-OGND 

unit: a 



ABSOLUTE MAXIMUM RATINGS(Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 
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M74LS20P 

DUAL 4-INPUT POSITIVE NAND GATE 



RECOMMENDED OPERATING CONDITIONS CTa=-20-+75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


^A 


lOL 


Low-level output current 


VoL^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a 



-20 h 75°C , unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




• Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C C=4.75V, |, c =-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c = 4.75V, V| = 0.8V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V| = 2V 


loL = 4mA 




0.25 


0.4 


v 


Iql — 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c = 5.25V, V|=2.7V 






20 


A/A 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


V C c = 5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all inputs high 


V C c=5.25V, V|=0V 




0.4 


0.8 


mA 


'COL 


Supply current, all inputs low 


Vcc=5.25V, V|=4.5V 




1.2 


2.2 


mA 



* : All typical values are at Vcc = 5V, Ta = 25t: 

Note 1 : All measurements should be done quickly and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (v C c=5v, 


Ta = 25°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level/high-to-low-level 
output propagation time 


C L =15pF 
(Note 2) 




6 


15 


ns 


tpHL 




13 


15 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



Vcc 



PG 



50Q< 



17T 



{ ^ 



dpC L 



W 



tpHL 
-e => 



V 



f 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3Vp. P , z = 5oa 

(2) C[_ includes probe and jig capacitance. 
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M74LS21P 

DUAL 4-INPUT POSITIVE AND GATE 



DESCRIPTION 

The M74LS21P is a semiconductor integrated circuit 
containing two 4-input positive AND and negative OR 
gates. 

FEATURES 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 8.5mW typical) 

• High speed (tpd = 9ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology and active output 
pullups enables the achievement of input high breakdown 
voltage, high speed, low power dissipation and high fan-out. 
When inputs A, B, C and D are high, output Y is high, 
and when one or more of the inputs is low, Y is low. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



1A - 



d 



1B — \T- 

NC [T 

[ 1C-[T- 
INPUTS« 

[ 1D -IT- 
OUTPUT 1Y *- [T- 
GND |T 



-\J~ 



m 



~u\ Vcc 

75] *- 2A 

T|] «- 2B^ 

Tj] nc 

UJ] *~ 2C 

T) 4- 2D 

T] — ► 2Y OUTPUT 



Outline 14P4 nc : no connection 



CIRCUIT SCHEMATIC (EACH GATE) 



20k| 11k 



CC- 



S4- 



-M 



i^Aikik 



H4 



H 



HZ 



2.8k 




-OVcc 



ccizL- 



UNIT : Q 



ABSOLUTE MAXIMUM R ATI NGS(Ta=~ 20~-f 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


V 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 


' 


-65- +150 


°c 
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MITSUBISHI LSTTLs 

M74LS21P 

DUAL 4-INPUT POSITIVE AND GATE 



RECOMMENDED OPERATING CONDITIONS (Ta= -20- +75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current ; * 


V H^2.7V 







-400 


*A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C C = 4.75V, l| C =-18mA 






-1 .5 


V 


VOH 


High-level output voltage 


Vcc = 4.75V, V| = 2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V| = 0.8V 


'ol— 4 mA 




0.25 


0.4 


V 


| 0L = 8mA 




0.35 


0.5 


V 


'IH 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


;jA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


V C c=5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5.25V, V|=4.5V 




1.2 


2.4 


mA 


'COL 


Supply current, all outputs low 


V C c = 5.25V, V|=0V 




2.2 


4.4 


mA 



* : All typical values are at Vqc^SV, Ta = 25°C. 
Note 1 : All measurements must be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (V CC =5V. Ta = 25°C, unless otherwise noted) 



Symbol 


Para meter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max , 


tpLH 


Low-to-high-output level propagation time 
High-to-low-output level propagation time 


C L =15pF 
(Note 2) 




9 


15 


ns 


*tpHL 




10 


20 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



Vcc 



PG 



OUTPUT 
O 



50Q< 



777" 



/ 



^=C L 



W 



\ 



f 



tPLH 



tpHL 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz.tr = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp.p,Z o = 50ft. 

(2) C|_ includes probe and jig capacitance. 
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M74LS22P 

DUAL 4-INPUT POSITIVE NAND GATE WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS22P is a semiconductor integrated circuit 
containing two 4-input positive-logic NAND gates with 
open collector outputs, usable as negative-logic NOR gates. 

FEATURES 



Usable in wire-AND connection 

High breakdown input voltage (V| > 15V) 

High breakdown output voltage (Vo ^ 7V) 

Low power dissipation (Pd = 4mW typical) 

High speed (t p d = 18ns typical) 

Wide operating temperature range (T a = — 



20 ~ +75°C) 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

With the use of open collector outputs and SBD inputs 
featuring a high breakdown voltage, the high-level output 
impedance can be selected freely by use of an external load 
resistor. This permits wire-AND connection which has been 
impossible with conventional gates. 

When inputs A, B, C and D are high, output Y is low and 
when one or more of the inputs is low, output Y is high. 



FUNCTION TABLE 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



1A — [T 
1B -* [7 
NC [T 
ic — \T 



1D -> [T 

OUTPUT 1Y «h- [T 



GND 



E 



-w 



3 
1« 



j* * 



Vcc 

2Al 

| INPUTS 
]2]— 2bJ 

TT] NC 

To] *— 2C| 

^INPUTS 



3- 



2Y OUTPUT 



* : OPEN COLLECTOR OUTPUT 
NC: NO CONNECTION 

Outline 14P4 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



CIRCUIT SCHEMATIC (EACH GATE) 



20kf 7.6k« 



-* 

S+ 



-M- 



■*f 



S4- 
H4- 



-«- 



-M- 



1 



< 



5k^ 



-ovcc 



-OGND 
unit: q 



N = B-C-D 



ABSOLUTE MAXIMUM R ATI NGS(Ta=- 20 ~+ 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-^7 


V 


Vi 


Input voltage 




-0.5— 4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+-75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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M74LS22P 

DUAL 4-INPUT POSITIVE NAND GATE WITH OPEN COLLECTOR OUTPUT 



RECOMMENDED OPERATING OCNDITIONS<Ta=-20~+75C, unless otherwise noted ) 



Symbol 






Limits 


Unit 


Parameter 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


V =5.5V 







100 


*A 


lOL 


Low-level output current 


Vol^O.^V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~4-75°C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


'OH 


High-level output current 


V C c = 4.75V. V| = 0.8V 
V =5.5V 






100 


uA 


Vol 


Low-level output voltage * 


V CC = 4.75V 
V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


v* 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V| = 0.4V 






-0.4 


mA 


ICCH 


Supply current, all inputs high 


V C c=5.25V. V|=0V 




0.4 


0.8 


mA 


'CCL 


Supply current, all inputs low 


V C c = 5.25V, V| = 4.5V 




1.2 


2.2 


mA 


* : All typical values are at Vcc = 5V, Ta = 25°C 
SWITCHING CHARACTERISTICS (V CC = 5V, Ta = 25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level/high-to-low-level 
output propagation time 


RL=2kQ 




10 


32 


ns 


tpHL 


C L =l5pF (Note 1) 






25 


28 


ns 



Note 1 : Measurement circuit 



PG 



VCC Vcc OUTPUT 



DUT 



t Cl 

ifr w 



J 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B, C, D 



/ V 



V 



tpHL 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns; 

V P =3Vp. P , Z o = 50ft 

(2) C|_ includes probe and jig capacitance. 
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M74LS24P 

QUADRUPLE 2-INPUT POSITIVE NAND SCHMITT TRIGGER 



DESCRIPTION 

The M74LS24P is a semiconductor integrated circuit con- 
taining four 2-input positive-logic NAND gates having a 
schmitt trigger function and negative-logic NOR gates. 

FEATURES 

• Suitable for waveform shaping applications 

• Wide hysteresis width (0.9V typical) and high noise 
margin 

• Reduce low-level input current (PNPTr input) 

• High breakdown input voltage (Vi > 15V) 

• Low power dissipation (Pd = 44mW typical) 

• High speed (tpd = 18ns typical) 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

It is an IC with PNPTr inputs, active pull-up in the outputs, 
input high breakdown voltage, high speed, low power dis- 
sipation and high fan-out. With positive feedback applied 
in the circuit, the hysteresis width is 0.9V (typical). Ac- 
cordingly, the noise margin is high. Even slow changing 
input signals result in shaped waveform output without 
causing oscillation. 

When A and B inputs are high, output Y is low, and 
when more than one is low, output Y is high. 

M74LS132P can be replaced with M74LS24P without 
any changes as pin connections, functions, are interchange- 
able. Depending on PNPTr input usage, loading on the 
transmission can be reduced. Depending on the high level 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 




Outline 14P4 



of the threshold voltage setting, low level noise margin can 
be improved. 

For typical characteristics see M74LS19P. 

FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



CIRCUIT SCHEMATIC (Each schmitt trigger) 



24k f 6k 



Z-i 



>n? 



■C. 



1.5k 




-OY OUTPUT 
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M74LS24P 

QUADRUPLE 2-INPUT POSITIVE NAND SCHMITT TRIGGER 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75X:.unlessotherwisenoted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5 — h 15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


■c 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS .(Ta=- 20- + 75°C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


//A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20- +75TJ, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V T + 


Positive-going threshold voltage 


V CC =5V 


1.65 


1.9 


2.15 


V 


Vt- 


Negative-going threshold voltage 


V C C=5V 


0.75 


1.0 


1.25 


V 


Vt + -V T - 


Hysteresis width 


V C C=5V 


0.4 


0.9 




V 


Vic 


Input clamp voltage 


Vcc =4 - 75V . hc=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V. V| = 0.5V 
l0H=— AQQjuA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC =4.75V 
V|=1.9V 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


It+ 


Input current at positive-going threshold 


Vcc=5V, V| = V T + 




-2 




/"A 


It- 


Input current at negative-going threshold 


Vcc=5V, V|-V T - 




-5 




fxA 


llH 


High-level input current 


Vcc=5.25V 
V| = 2.7V 






20 


;"A 


Vcc = 5. 25V 
V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V, = 0.4V 






-0.05 


mA 


los 


Short-circuit output current (Note 1 ) 


V C c=5.25V, V O =0V 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V, V| = 0V 




6.6 


12 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V| = 4.5V 




11 


20 


mA 



*: All typical values are at Vcc = 5V,T a = 25°C. 

Note 1 : All measurements should be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level output propagation time 


C L =15pF (Note 2) 




13 


20 


ns 


tpHL 


High-to-low-level output propagation time 




24 


40 


ns 



Note 2: Measurement circuit 



Vcc 



TIMING DIAGRAM 



50 Q 3 



A,B 



(1 ) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50n 
Ci_ (2) C|_ includes probe and jig capacitance. 



J 



\ 



Y 



1.0V 



tpLH 
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M74LS27P 

TRIPLE 3-INPUT POSITIVE NOR GATE 



DESCRIPTION 

The M74LS27P is a semiconductor integrated circuit 
containing three triple-input positive NOR and negative 
N AND gates. 

FEATURES 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 13.5mW typical) 

• High speed (t pc j = 6ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology and active output 
pullups enables the achievement of input high breakdown 
voltage, high speed, low power dissipation and high fan-out. 
When one or more of the A, B and C inputs are high, 
output Y is low and when all inputs are low, Y is high. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




INPUTS < 

I re - d 


^ 


U\ Vcc 

T5] *- ia 


INPUT 














" 2A — [T 




V r 


TU -* 1Y 


OUTPUT 


INPUTS < 


2B — [7 




L_ 




U\ *- 3A 






^ 2C — [T 


^L 




IL 


To] *- 3B 


<■ INPUTS 


OUTPUT 2Y «- [T 


^V L 


T| «- 3C 




GND [T 


l_! ]_ 


j0 -" 3Y 


OUTPUT 


Outline 14P4 





CIRCUIT SCHEMATIC (EACH GATE) 



20k| 20k| 20k|7.6k| 120 : 



rAo- 

INPUTS< Bo- 



lCo- 



S*r 



-K- 



"d*- 



-oVcc 




ABSOLUTE MAXIMUM RATINGS (Ta= -20~ + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- +15 


V 


V 


Output voltage 


High-level state 


-0.5-+V C C 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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M74LS27P 

TRIPLE 3-INPUT POSITIVE NOR GATE 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75C unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-400 


/M 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75'C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V, Ioh=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V| = 2V 


loL=4mA 




0.25 


0.4 


V 


loL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


juA 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1 ) 


V C c=5.25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5.25V, V| = 0V 




2 


4 


mA 


'CCL 


Supply current, all outputs low 


Vcc=5.25V, V|=4.5V 




3.4 


6.8 


mA 



: All typical values are at Vcc=5V, Ta = 25°C. 
Note 1 : All measurements must be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpt_H 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


C L = 15 P F 

(Note 2) 




6 


15 


ns 


tpHL 




6 


15, 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



Vcc 



50Q- 



777" 



A~~C 



f 



±C L 



W 



Y 



tPHL 



tPLH 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3Vp.p,Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 
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M74LS30P 

SINGLE 8-INPUT POSITIVE NAND GATE 



DESCRIPTION 

The M74LS30P is a semiconductor integrated circuit con- 
taining one 8-input positive-logic NAND gate, usable as a 
negative-logic NOR gate. 

FEATURES 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 2.4mW typical) 

• High speed (t p d = 11ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology enables the achieve- 
ment of input high breakdown voltage, high speed, low 
power dissipation and high fan-out. 

When inputs A, B, C, D, E, F and G are high, output Y is 
low and when one or more of the inputs is low, output Y is 
high. 



FUNCTION TABLE 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 nc: no connection 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



N = B-C-D-E-F-G-H 



CIRCUIT 
SCHEMATIC 



17k^ 7.6k < 



1205 



INPUTS 
(8) 



AO- 



BO- 



"*■ 



S+ 



d* 



K 



Ns 



5k 
MMr- 



2.8k< 



JN 



-OVcc 



-OY 

OUTPUT 



-OGND 
UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (T a =-20~4-75'C, unless otherwise noted) 



Symbol , 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


v 


Output voltage 


High-level state- 


-0. 5-4- Vcc 


V 


Topr 


Operating free-air ambinet temperature range 




-20-4-75 


°C 


Tstg 


-Storage temperature range 




-65-4-150 


°C 
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M74LS30P 

SINGLE 8-INPUT POSITIVE NAND GATE 



RECOMMENDED OPERATING CONDITIONS (.Ta=-20~+75-C. unless otherwise noted ) 



Symbol 






Limits | 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-400 


fiA 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


Vih 


High-level input voltage . 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, |, c =-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V, l O H=-400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V| = 2V 


l0L = 4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


/"A 


V C c=5.25V, V|=10V 






0.1 


mA 


hL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output circuit (Note 1) 


V C c = 5.25V, V o = 0V 


-20 




-100 


mA 


ICCH 


Supply current, all inputs high 


V C c = 5.25V, V|=0V 




0.35 


0.5 


mA 


'CCL 


Supply current, all inputs low 


V C c=5.25V, V|=4.5V 




0.6 


1.1 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 
Note 1 : All measurements should be done quickly. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level/high-to-low-level 
output propagation time 


C L =15pF 

(Note 2) 




6 


15 


ns 


tpHL 




16 


20 


ns 



Note 2: Measurement circuit 



INPUT 



Vcc 



17T 



OUTPUT 
O 



=bCl_ 



W 



(1 ) The pulse generator (PG) has the following characterisitcs: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns; 

Vp = 3V P .p,Z o = 50n. 

(2) Cl includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



A~H 



F~ \ 



\ 



/ 



PRECAUTION FOR USE 

Connect pins not being used to the Vcc supply voltage. 
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M74LS32P 

QUADRUPLE 2-INPUT POSITIVE OR GATES 



DESCRIPTION 

The M74LS32P is a semiconductor integrated circuit 
containing 4 dual-input positive OR and negative AND 
gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 20mW typical) 

• High speed (tpd = 7ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology has enabled the 
achievement of input high breakdown voltage, high speed, 
low power dissipation, and high fan-out. 
When either or both of the inputs A and B is/are high, 
output Y is high, and when both A and B are low, Y is low. 



FUNCTION TABLE 



A 


B 


Y 


L 


L ■ 


L 


H 


L 


H 


L 


H 


H 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 


JlA^[T 

INPUTS S 


7^1 


j£] v C c 


Iib-[T 

OUTPUT 1Y«- [T 


^ 


H 4- 4A 

J2] «~4B 


• INPUTS 


f2A— ♦ [T 


—, ^ 


TT| — ► 4 Y OUTPUT 


INPUTS \ 

[2B-*[T 


^ r- 


To] «-3A' 




OUTPUT 2Y*-[T 


^L 


W- 


I] *- 3B . 


• INPUTS 


GND [T 


v_ 


T] — ► 3Y OUTPUT 


Outline 14P4 



CIRCUIT SCHEMATIC (EACH GATE) 

T °V C C 



i 20kf 1 1k€ 7. 



6kg 120| 




-OY OUTPUT 



-OGND 

UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65-+150 


°c 
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MITSUBISHI LSTTLs 

M74LS32P 

QUADRUPLE 2-INPUT POSITIVE OR GATES 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ + 75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 


Parameter 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V H^2.7V 







-400 


M* 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20 +75C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V. l| C =-18mA 






-1.5 


V 


V H 


High-leveloutput voltage 


V C c = 4.75V. V| = 2V 
Ioh=-400a/A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vqc = 4.75V 
V| = 0.8V 


loL^mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c = 5.25V, V| = 2.7V 






20 


/uA 


Vcc^5.25V, V ( =10V 






0-1 


mA 


IlL 


Low-level input current 


Vcc=5.25V. V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


Vcc=5-25V, V O = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all outputs high 


Vcc=5.25V. V|=4.5V 




•3.1 


6.2 


mA 


'CCL 


Supply current, all outputs low 


V C c = 5.25V. V| = 0V 




4.9 


9.8 


mA 



* I All typical values are at Vcc = 5V, Ta = 25°C. 
Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc = 5V,Ta = 25C, unless otherwise noted) 



Symbol 


, Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level output propagation time 


C L =15pF (Note 2) 




7 ■ 


22 


ns 


tPHL 


High-to-low-level output propagation time 




7 


22 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



INPUT 
o 



Vcc OUTPUT 

9 9 



17T 



:C L 






w 



' tPHL. 



(1 ) The pulse generator (PG) has the following characterstics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 50pns, 

Vp = 3Vp'. P ,Z o = 50ft 

(2) C|_ includes probe and jig capacitance. 
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M74LS37P 

QUADRUPLE 2-INPUT POSITIVE NAND BUFFER 



DESCRIPTION 

The M74LS37P is a semiconductor integrated circuit 
containing four 2-input positive NAND and negative NOR 
buffer gates. 

FEATURES 

• High fan-out (l |_ = 24mA, Iqh = -1.2mA) 

• High breakdown input voltabe (V| > 15V) 

• Low power dissipation (Pd = 17.5mW typical) 

• High speed (t pc j = 10ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology has enabled the 
achievement of input high breakdown voltage, high speed, 
low power dissipation, and high fan-out. 

When inputs A and B are high, output Y is low, and 
when one or both inputs are low, Y is high. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


H 


L ' 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 



CIRCUIT 
SCHEMATIC 19k 
(EACH k 

BUFFER 



AO 



BO 



OVcc 




UNIT : Q 



MAXIMUM ABSOLUTE RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5--M5 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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MITSUBISHI LSTTLs 

M74LS37P 

QUADRUPLE 2-INPUT POSITIVE NAND BUFFER 



RECOMMENDED OPERATING CONDITIONS (T a = -20~-+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-1.2 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~ +75C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V, l H=-1.2mA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 
V|=2V 


l0L=12mA 




0.25 


0.4 


v 


l0L = 24mA 




0.35 


0.5 


V 


l|H 


High-level input current 


Vcc=5.25V, V| = 2.7V 






20 


V& 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 1) 


V C c=5.25V, V = OV 


-30 




-130 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5.25V. V|=0V 




0.9 


2 


mA 


'CCL 


Supply current, all outputs low 


V C c=5.25V, V|=4.5V 




6 


12 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C. 
Note 1 : All measurement should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (V C C=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


C L = 45pF 
(Note 2) 




7 


24 


ns 


tpHL 




12 


24 


ns 



Note 2: Measurement circuit 



INPUT 
O 



Vcc 



son: 



17T 



OUTPUT 
o 



^=C L 



1JT 



TIMING DIAGRAM (Reference level = 1.3V) 



/ \ 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3Vp. P , z = 5oa 

(2) C|_ includes probe and jig capacitance. 



tpHL 
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M74LS38P 

QUADRUPLE 2-INPUT POSITIVE NAND BUFFER 
WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS38P is a semiconductor integrated circuit 
containing four 2-input positive NAND and negative NOR 
buffer gates with open collector outputs. 



FEATURES 

• Usable in wire-AND connection 

• High fan-out (Iol = 24mA max) 
High breakdown input voltage (V| > 15V) 
High breakdown output voltage (Vq ^ 7V) 
Low power dissipation (Pd = 17.5mW typical) 
High speed (t pc j = 14ns typical) 
Wide operating temperature range (T a = —20 ~ +75°C) 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

With the use of open collector outputs and SBD inputs 
having a high breakdown voltage, the high-level output 
impedance can be selected freely by use of an external load 
resistor. This permits wire-AND connection, which has been 
impossible with conventional gates. The maximum low-level 
output current (Iol) of 24mA makes this device suitable as 
a buffer gate. When inputs A and B are high, output Y is 
low and when one or both inputs are low, Y is high. 



FUNCTION TABLE 


A 


B 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 




* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT 
SCHEMATIC 
(EACH 
BUFFER) 



OVcc 




ABSOLUTE MAXIMUM RATINGS (Ta 



-20— +75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0. 5~- + 7 


V 


Topr 


Operating free-air ambient temperature range 




-20~ + 75 


°C 


Tstg 


Storage temperature range 




— 65—4-150 


°C 
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MITSUBISHI LSTTLs 

M74LS38P 

QUADRUPLE 2-INPUT POSITIVE NAND BUFFER 
WITH OPEN COLLECTOR OUTPUT 



RECOMMENDED OPERATING CONDITIONS <Ta = -20~+75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


Vo =5.5V 







250- 


*A 


lOL 


Low-level output current 


Vol ^ 0.4 V 







12 


mA 


Vol^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~ +-75*C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V 


I|C= — 18mA 






-1.5 


V 


'OH 


High-level output current 


V C c = 4.75V, 


V| = 0.8V, Vo = 5.5V 






250 


U A 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V| = 2V 


l0L=12mA 




0.25 


0.4 


V 


l0L=24mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c=5.25V. 


V|=2.7V 






20 


uA 


Vcc- 5. 25V, 


V|-10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, 


V|=0.4V 






-0.4 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5.25V, 


V| = 0V 




0.9 


2 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, 


V|=Open 




6 


12 


mA 


* : All typical values are at Vcc = 5V, Ta = 25°C 

SWITCHING CHARACTERISTICS (v cc =5v, 


Ta = 25°C, unless otherwise noted) 






Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


R L = 667Q 
C L = 45pF 






13 


32 


ns 


tpHL 


(Note 1) 






14 


28 


ns 



Note 1 : Measurement circuit 



INPUT V C C V C C OUTPUT 

9 9 9 9 



PG 



5oq: 



:Rl 



z^Cl 



T77 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B 



f 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 



V 



tPHL 



r 



tPLH 
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M74LS40P 

DUAL 4-INPUT POSITIVE NAND BUFFER 



DESCRIPTION 

The M74LS40P is a semiconductor integrated circuit 
containing 2 built-in quadruple-input positive NAND and 
negative NOR buffer gates. 

FEATURES 

• High fan-out (Iol = 24mA, Iqh = -1.2mA) 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (P d =9mW typical) 

• High speed (t pd = 14ns typical) 

• Low output impedance 

• Wide operating temperature range (Ta = -20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology has enabled the 
achievement of input high breakdown voltage, high speed, 
low power dissipation, and high fan-out. 

When all inputs A, B, C and D are high, output Y is low 
and when one or more of the inputs is low, Y is high. 



FUNCTION TABLE 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




NC : NO CONNECTION 



Outline 14 P4 



CIRCUIT SCHEMATIC 
(EACH BUFFER) 



AO- 



BO- 



CC- 



LDO- 




-oVcc 



-OY 

OUTPUT 



-OGND 



UNIT : Q 



ABSOLUTE MAXIMUM RATINGS(Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- +15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~-r-75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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MITSUBISHI LSTTLs 

M74LS40P 

DUAL 4-INPUT POSITIVE N AND BUFFER 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~-r-75°C, unless otherwise noted.) 



Symbol 






Limits 


Unit 


Parameter 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-1.2 


mA 


lOL 


lLow-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75C, unless otherwise noted) 



Symbol I 


Parameter 






Limits 


Unit 


Test conditions 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, || C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V| = 0.8V, loH=-1.2mA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V| = 2V 


IOL=l2mA 




0.25 


0.4 


V 


l0L=24mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


/uA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 1 ) 


V C c=5.25V, V = OV 


-30 




-130 


mA 


'CCH 


Supply current, all outputs high 


V C c = 5.25V, V|-0V 




0.45 


1 


mA 


'CCL 


Supply current, all outputs low 


Vcc=5.25V, V|=Open 




3 


6 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 

Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit . 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


C L = 45pF 

(Note 2) 




7 


24 


ns 


tpHL 




20 


24 


ns 



Note 2: Measurement circuit 



Vcc 



PG 



50Q< 



17T 



t Cl 

w 



TIMING DIAGRAM (Reference level = 1.3V) 



A~D 



t I 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

Vp = 3Vp.p.Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 



\ 



r 



tpLH 

<: *- 
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M74LS42P 

BCD-TO-DECIMAL DECODER 



DESCRIPTION 

The M74LS42P is a semiconductor integrated circuit 
provided with a BCD-to-decimal decoder function. 

FEATURES 

• All outputs set high with reactive input 

• Usable as a 3-bit binary /octal decoder 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When inputs D A , D B , D c and D D are specified in BCD 
code, the output corresponding to the number among 
Y ~Y 9 is set low and all the other 9 outputs are set high. 
When a binary number of 10 or more is applied to D A ~D D , 
all the outputs are set high. 



PIN CONFIGURATION (TOP VIEW) 




^ <- [T 
yT ^ [7 




W 




T|] Vcc 




A 




Yi Yo D A 




Ts\ «- IDa 




OUTPUTS < 


y7 «- [7 
T 2 - E 


— < 
— c 


Y2 D B 
Y 3 D C 




u\ <- D B 
13] «- D C 


• INPUTS 




Y^ «- E 


— c 


Y 4 D D 




HI — D D 






Yi" — [7 




Y 5 Y 9 




77] -+ yT 






Y^ — [7 




Y 6 y 7 Y 8 




H - y; 


• OUTPUTS 


GND |][ 




V 






Outline 16P4 



BLOCK DIAGRAM 




J 





4 



-dH 
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MITSUBISHI LSTTLs 

M74LS42P 

BCD-TO-DECIMAL DECODER 



FUNCTION TABLE 



Decimal- 
number 


D D 


Dc 


D B 


Da 


YrJ 


Y\ 


Yi 


Yi 


Y4 


Yl 


Yi 


Yt" 


W 


Yi 





L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


1 


L 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


2 


L 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


3 


L 


L 


H 


H 


H 


H 


H 


L 


H 


H 


H ; 


H 


H 


H 


4 


L 


H 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


5 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L • 


H 


H 


H 


H 


6 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


7 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


8 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


9 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


10 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


11 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


12 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


13 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


14 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


15 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


'V, 


Input voltage 




— 0.5 — h 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


V 



RECOMMENDED OPERATING CON D I TIONS(Ta = - 20~+ 75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.7V 







-400 


7" A 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -2O+75C unless otherwise noted) 



* : All typical values are at Vcc =5 V, Ta = 25°C 

Note 1 : All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 2: Ice is measured with all inputs at 0V. 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-l8mA 






-1. 5 


V 


V H 


High-level output voltage 


V C c=4.75V, V|=0.8V 
V| = 2V , l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC =4.75V 

V| = 0.8V, V|=2V 


l L = 4mA 




0.25 


0.4 


V 


l0L = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc = 5.25V, V| = 2.7V 






20 


juA 


Vcc = 5.25V, V|=I0V 






0.I 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V, V O =0V 


-20 




-I00 


mA 


lec 


Supply current 


Vcc = 5. 25V (Note 2) 




7 


13 


mA 
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SWITCHING CHARACTERISTICS (Vcc=5V,Ta = 25-C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, gate 2 


C L =l5pF (Note 3) 




8 


25 


ns 


tPHL 




14 


25 


ns 


tPLH 


Low-to-high-level ; high-to-low-level output 
propagation time, gate 3 




12 


30 


ns 


tPHL 




12 


30 


ns 



Note 3: Measurement circuit 



Vcc 



50 Q< 



4=c L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz,t r =6ns,t f =6ns, t w =500ns, V P =3V P . P , Z o =50ft 

(2) C|_ includes probe and jig capacitance 



APPLICATION EXAMPLES 
(1) 4-bit binary/hexadecimal decoder 



INPUTS 




TIMING DIAGRAM (Reference level = 1.3V) 
1 



J 



OUTPUT 
(GATE 3) 



OUTPUT 
(GATE 2) 



V 



■\ 



tPHL 



f 



tPLH 



\ 



tPHL 



tPLH 



(2) 3-bit binary /octal decoder with enable input 



INPUTS 

D C ->- 
ENABLE INPUT E -i— 



Da -*- 

D B -&- 



OUTPUTS 



Yrj 


D 


— ^ Y 


Da Yt 


_ 




J 


> 'l 


Y 2 




— 


J 


>■ Y 2 


Db Y 3 


D 


— *-Y 3 


M74LS42P y 4 


D 


— * Y 4 


Dc Y 5 


~ 


-^ \/ 


J 


^ <b 


Y 6 


D 


— *Y 6 


Dd Y 7 


D 


— ^Y 7 


Y 8 







Y 9 


3 





OUTPUTS 



Outputs marked with* are provided from both decoders. 
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BCD-T0-7-SEGMENT DECODER/DRIVER (ACTIVE-LOW OUTPUT) 



DESCRIPTION 

The M74LS47P is a semiconductor integrated circuit 
provided with BCD-to-7-segment decoder/driver function 
and open collector outputs. 

FEATURES 

• Suitable for 7-segment display element lighting 

• RBI input and Bl/R BO outputs for zero suppression - 

• LT input for lamp testing 

• BI/RBO input for extinguishing all segments 

• Open collector outputs 

• Wide operating temperature range (T a =— 20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When a number is designed in BCD code for BCD inputs 
D A , D B/ D c and D D , segment outputs a~g are set low in 
accordance with that number. By connecting the 7-segment 
display element to each of the outputs, the character 
indicated on the display character can be displayed. "a~g are 
open collector outputs with a breakdown voltage of not less 
than 15V and a low-level output current of 24mA, thereby 
making it possible to directly drive a 7-segment LED for the 
display of anode-common numbers. 

Suppression of the high-order unnecessary zeroes is 
possible by setting the highest order RBI ripple blanking 
input low and connecting ripple blanking output BI/RBO 
to the next-order RBI for each of the digits. (Refer to the 
application example.) 

By setting blanking input BI/RBO low, outputs a~g are 
set high and the display element is extinguished irrespective 



PIN CONFIGURATION (TOP VIEW) 



BCD INPUTS 



db— [7 
Dc— -[7 

LAMP TEST _ _ 

INPUT LT-»|T 

BLANKING 

INPUT/RIPPLE BI/RBO** \J_ 



BLANKING 

OUTPUT 

RIPPLE 

BLANKING 

INPUT 

BCD INPUTS 



RBI- [7 

DD-QT 

Da— [7 

GND [T 



Dc 
LT 

Bl 
BRO 

RBI 
D D 

Da 



Db 



-j^T 



T|] vcc 
jT| — T 
TZ] — ► g 

1|]— a 

jU — b 

77] — * c 

To] — d 



I SEGMENT 
OUTPUTS 



*: OPEN COLLECTOR OUTPUTS 

Outline 16P4 



of the status of the other inputs. The luminous intensity 
can be controlled by applying pulses. 

Since BI/RBO serves as both an input and output pin, 
only ICs with open collector outputs can be connected to 
this pin. 

By setting lamp test input LT low, a~g are set low 
irrespective of the status of bT/RBO, D A/ D B/ D c and D D/ 
all the segments in the display element are lighted and each 
segment can be tested. 

Except for that pins 6 and 9 differ in character from the 
M74LS47P has exactly the same functions, pin connections 
and characteristics as the M75LS247P. 



BLOCK DIAGRAM 



*: OPEN COLLECTOR OUTPUTS 



SEGMENT OUTPUTS 




BCD INPUTS 



LT RBI GND 
LAMP TEST RIPPLE 
INPUT/RIPPLE INPUT -BLANKING 

BLANKING OUTPUT INPUT 
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BCD-TO-7-SEGMENT DECODER/DRIVER (A( 


CTBVE LOW OUTPUT) 


FUNCTION TABLE (Notei) 


Decimal number or function 


LT 


rbT 


Dd 


Dc 


D B 


D A 


BI/RBO 


a 


b 


c 


d 


~e 


T 


g 


Note 





H 


H 


L 


L 


L 


L 




H 


L 


L 


L 


L 


L 


L 


H 


(D 


1 


H 


X 


L 


L 


L 


H 




H 


H 


L 


L 


H 


H 


H 


H 


2 


H 


X 


L 


L 


H 


L 




H 


L 


L 


H 


L 


L 


H 


L 


3 


H 


X 


L 


L 


H 


H 




H 


L 


L 


L 


L 


H 


H 


L 


4 


H 


X 


L 


H 


L 


L 




H 


H 


L 


L 


H 


H 


L 


L 


5 


H 


X 


L 


H 


L 


H 




H 


L 


H 


L 


L 


H 


L 


L 


6 


H 


X 


L 


H 


H 


L 




H 


H 


H 


L 


L 


L 


L 


L 


7 


H 


X 


L 


H 


H 


H 




H 


L 


L 


L 


H 


H 


H 


H 


8 


H 


X 


H 


L 


L 


L 




H 


L 


L 


L 


L 


L 


L 


L 


9 


H 


X 


H 


L 


L 


H 




H 


L 


L 


L 


H 


H 


L 


L 


10 


H 


X 


H 


L 


H 


L 




H 


H 


H 


H 


L 


L 


H 


L 


11 


H 


X 


H 


L 


H 


H 




H 


H 


H 


L 


L 


H 


H 


L 


12 


H 


X 


H 


H 


L 


L 




H 


H 


L 


H 


H 


H 


L 


L 


13 


H 


X 


H 


H 


L 


H 




H 


L 


H 


H 


L 


H 


L 


L 


14 


H 


X 


H 


H 


H 


L 




H 


H 


H 


H 


L 


L 


L 


L 


15 


H 


X 


H 


H 


H 


H 




H 


H 


H 


H 


H 


H 


H 


H 


Blanking 


X 


X 


X 


X 


X 


X 


L 




H 


H 


H 


H 


H 


H 


H 


(2) 


Ripple blanking 


H 


L 


L 


L 


L 


L. 




L 


H 


H 


H 


H 


H 


H 


H 


(3) 


Lamp test 


• L 


X 


X 


X 


X 


X 




H 


L 


L 


L 


L 


L 


L 


L 


(4) 



Note 1.(1) LT is normally kept in high 

RBT is kept open or in high with a decimal output. 

(2) When BI/RBO is low, all the segment outputs are high irrespective of the status of the other inputs. 

(3) All the segment outputs are set high and BI/RBO is set low when LT is 'high and RBI, Da, Db, Dc and Dq are low. 

(4) When LT is low, all the segment outputs are low. 
X: Irrelevant 



DEFINITION OF SEGMENTS 



I I; 



CHARACTERS DISPLAYED 



Decimal , 





1 


2 


3 


4 . 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Character 


f"l 


1 
1 


3 


3 


"l 


r 
3 


1 

o 


1 


8 


o 

1 


c 


_ 1 


l_l 


_ 


c 





ABSOLUTE MAXIMUM RATINGS Oa=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


Input BI/RBO 




-0.5~Vcc 


V 


Other inputs 


-0.5-+15 


V 


v 


Output voltage 


Output BI/RBO 


High-level state 


-0.5- Vcc 


V 


Other outputs 


-0.5- + 15 


V 


1 (peak) 


Output current 


tw^lms, dutycycle^ 10% 


200 


mA 


lo 


Output current 


High-level state 


1 


mA 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 
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BCD-T0-7-SEGMENT DECODER DRIVER (ACTIVE LOW OUTPUT) 

ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75C,unle S sotherwisenoted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current, 
outputs a ~§ ' 


Voh=15V 







250 


/uA 


'OH 


High-level output current, 
output BI/RBO 


V OH ^2.4V 







-50 


juA 


lOL 


Low-level output current, 
outputs a~g 


V OL ^0.4V 







12 


mA 


Vol^0.5V 







24 


mA 


lOL 


Low-level output current, 
output BI/RBO 


V OL ^0.4V 







1.6 


mA 


Vql^0.5V 







3.2 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~+-75°C, unless otherwise noted) 



Symbol 








Limits 


Unit 






Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4. 75V, hc=- 18mA 






-1.5 


V 


Voh 


High-level output voltage, output BT/RBO 


Vcc = 4. 75V 
V|=0.8V,V|=2V 


IOH=-50//A 


2.4 


4.2 




V 


lOH 


High-level output current, outputs a"~ g" 


V =15V 






250 


fiA 


Vol 


Low-level output voltage 


Outputs a ~ g 


Vcc = 4. 75V 
V|=0.8V, V|=2V 


Iol= 12 mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


Outputs BT/R BO 


Iol= 1.6mA 




0.25 


0.4, 


IOL = 3.2mA 




0.35 


0.5 


Iih 


High-level input voltage, except input BT/RBO 


Vcc = 5.25V, V|=2.7V 






20 


MA 


Vcc = 5. 25V, V=10V 






0. 1 


mA 


IlL . 


Low-level input current 


Input BI/RBO 


Vcc = 5.25V, V|=0.4V 






-1.2 


mA 


Other inputs 






-0.4 


mA 


los 


Short-circuit output current, output BI/RBO 


Vcc = 5.25V, V O =0V 


-0.3 




-2 


mA 


Ice- 


Supply current 


V C c = 5.25V (Note 2) 




7 


13 


mA 



* : All typical values are at Vcc= 5V, T a = 25 C. 
Note 2: Ice is measured with all inputs at 4.5V. 

SWITCHING CHARACTERISTICS (Ta- -20 +75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Da t0 outputs a ~g 


R L = 665Q 
C L =15pF 

(Note 3) 




35 


100 


ns 


tpHL 




30 


100 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input R B I to outputs a — f 




50 


100 


ns 


tpHL 




45 


100 > 


ns 



Note 3: Measurement circuit 

INPUT V(x: . Vex: OUTPUT 

p O O O 



: r l 



i:C L 



77T 777 777 

(1 ) The pulse generator (PG) has the following characteristics: 
, PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

V P = 3V P .p,Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 
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BCD-TO-7-SEGMENT DECODER/DRIVER (ACTIVE-LOW OUTPUT) 

TIMING DIAGRAM (Reference level = 1.3V) 



Da 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



f 



X 



J 

tPLH 



1 



\ 



I 



RBI ) 



\ 



\ 



i 



tPLH 

«S 3»- 



APPLICATION EXAMPLES 

(1) Counter using M74LS47P 



SUPPLY VOLTAGE 




a b c d e f g 
RBI M74LS47P BI/RBO 
Da Db Dc Dp LT 



1Q 2Q 3Q 4Q 

M74LS75P - .r- 
VZt M74LS375P J " ,C - 

1D 2D 3D 4D 

TTTT 



COUNT INPUTS 



t t n 



r-r-^ Oa Qb Qc Qd 

~l— |__^nD(0) M74LS90P 
r H \ „ M74LS?90P 

P-J | R D(S)Ti T2 



FT 



(2) Zero suppression and light control 

103 1( 

(DIGIT 4) (DIGF 



102 

(DIGIT 3) 



It 



b c d e f 
RBI BI/RBO|o 

Da Db Dc Dp LT 

TTTT" "'" 



BCD INPUT 
LAMP TEST ->— 



a b c d e f g 

RBI BI/RBOf> 

Da Db Dp Dp LT 

BCD INPUT 



DISPLAY TUBE, 

LIGHT CONTROL 

PIN 



^Ji 



> 7-SEGMENT DISPLAY ELEMENT 



CARRY 
OUTPUT 

Connection to 
next-stage 
M74LS90P, 
M74LS290P__ 
^count input (Ti ) t 



> DECADE COUNTER 



10 1 

(DIGIT-2) 



10° 
(DIGIT 1) 



abode f 9 

-cjRBI BI/RBO 

Da Db Dc Dp LT 

TTTT 

BCD INPUT 



i 



num 



a b c d e f 
RBI BI/RBO 

Da Db Dc Dp LT 

TTTT 

BCD INPUT 



4/6 M74LS05P 



i 



£ 
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M74LS48P 

BCD-TO-7-SEGMENT DECODER/DRIVER (ACTIVE-HIGH OUTPUT) 



DESCRIPTION 

The M74LS48P is a semiconductor integrated circuit 
provided with BCD-to-7-segment decoder/driver function. 

FEATURES 

• Suitable for 7-segment display element lighting 

• RBI input and "BI/RBO output for zero suppression 

• LT input for lamp testing 

• Bl/RBO input for extinguishing all segments 

• NPN transistor can be externally mounted for High- 
current drive. 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device resembles the M74LS47P without the output 
transistors and when a number is specified in BCD code for 
BCD inputs D A/ D B# D c and D D/ segment outputs a~g are 
set high in accordance with that number. Outputs a~g con- 
tain 2£2 pull-up resistors which are suitable for driving 
common-cathode LEDs. By connecting an NPN transistor 
to these outputs, it is possible to drive high current display 
elements. 

The ripple blanking, blanking and lamp test functions 
are the same as those fpr the M74LS47P. 

Refer to the M74LS47P for the application example. 

Except for that pins 6 and 9 differ in character form the 
M74LS48P has exactly the same functions, pin connections 



PIN CONFIGURATION (TOP VIEW) 



Db-[T 



d c ->[7 — 



LAMP TEST _ , , 

INPUT LT-+ [T 

BLANKING 

INPUT/RIPPLE nf/nn-^ fT" 

BLANKING B| / RB0<M> Li. 

OUTPUT 

RIPPLE RBI-* IT 

BLANKING ' — ' 

INPUT r o _. 

J D D -Q[ 

BCD INPUTS < 

{ D A - [7 

GND [IT 




Outline 16P4 



and characteristics as the M74LS248P. 



BLOCK DIAGRAM 



SEGMENT OUTPUTS 




^ l AhVlJ ^J 




-Oi 



<h 



BCD INPUTS 



) _^_ 

BI/RBO 

BLANKING INPUT/RIPPLE 

BLANKING OUTPUT 



<b— ©— ® 



RBI 



GND 



LAMP TEST RIPPLE BLANKING 
INPUT INPUT 
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FUNCTION TABLE (Note D 


Decimal number or function 


LT 


RBI 


D D 


Dc 


D B 


D A 


BI/RBO 


a 


b 


c 


d 


e 


f 


g 


Note 





H 


H 


L 


L 


L 


L 




H 


H 


H 


H 


H 


H 


H 


L 


(1) 


1 


H 


X 


L 


■L 


L 


H 




H 


L 


H 


H 


L 


L 


L 


L 


2 


H 


X 


L 


L 


H 


L 




H 


H 


H 


L 


H 


H 


L 


H 


3 


H 


X 


L 


L 


H 


H 




H 


H 


H 


H 


H 


L 


L 


H 


4 


H 


X 


L 


H 


L 


L 




H 


L 


H 


H 


L 


L 


H 


H 


5 


H 


X 


L 


H 


L 


H 




H 


H 


L 


H 


H 


L 


H 


H 


6 


H 


X 


L 


H 


H 


L 




H 


L 


L 


H 


H 


H 


H 


H 


7 


H 


X 


L 


H 


H 


H 




H 


H 


H 


H 


L 


L 


L 


L 


8 


H 


X 


H 


L 


L 


L 




H 


H 


H 


H 


H 


H 


H 


H 


9 


.H 


X 


H 


L 


L 


H 




H 


H 


H 


H 


L 


L 


H 


H 


10 


H 


X 


H 


L 


H 


L 




H 


L 


L 


L 


H 


H 


L 


H 


11 


H 


X 


H 


L 


H 


H 




H 


L 


L 


H 


H 


L 


L 


H 


12 ' 


H 


X 


H 


H 


L 


L 




H 


L 


H 


L 


L 


L 


H 


H 


. 13 


H 


X 


H 


H 


L 


H 




H 


H 


L 


L 


H 


L 


H 


H 


14 


H 


X 


H 


H 


H 


L 




H 


L 


L 


L 


H 


H 


H 


H 


15 


H 


X 


H 


H 


H 


H 




H 


L 


L 


L 


L 


L 


L 


L 


Blanking 


X 


X 


X 


X 


X 


X 


L 




L 


L 


L 


L 


L 


L 


L 


(2) 


Ripple blanking 


H 


L 


L 


L 


L 


L 




L 


L 


L 


L 


L 


L 


L 


L 


(3) 


Lamp test 


L 


X 


X 


X 


X 


X 




H 


H 


H 


H 


H 


H 


H 


H 


(4) 



Notel. (1) LT is normally kept in high. 

RBI is kept open or in high with a decimal output. 

(2) When BI/RBO is low, all the segment outputs are low irrespective of the status of the other inputs. 

(3) All the segment outputs are set high and "BJ/RBO is set low when IT is high and RBI, D A , D B , D c and D D are I 

(4) When LT is low, all the segment outputs are high. 
X: Irrelevant 

CHARACTERS DISPLAYED 



DEFINITION OF SEGMENTS 

a 

u 



Decimal , 
number 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Character 


n 
u 


i 


c 1 


3 
J 


H 


c 

J 


L 
U 


"1 


o 

U 


n 
i 


C 


D 


u 


c 


b 





ABSOLUTE MAXIMUM RATINGS (Ta 



-20 — -f- 75°C , unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V ' 


Input voltage 


Input BI/RBO 




-0.5~Vcc 


V 


Other inputs 




-0.5- f 15 


V 


Vo 


Output voltage 


Output Bl/RBO 


High-level state 


-0.5~Vcc 


V 


Qther outputs 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65~ + 150 


°c 



RECOMMENDED OPERATING CONDl I IONS (Ta=-20~+75 < 'C, unless otherwise noted) 



Symbol 






Limits 


Unit - 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current, 
outputs a— g 


V OH ^2.4V 







-100 


*A 


'OH 


High-level output current, 
output BI/RBO 


V H^2.4V 







-50 


^A 


lOL 


.Low-level output current, 
outputs a — g 


V O l^0.4V 







2 


mA 


Vol^O-SV 







6 


mA 


lOL 


Low-level output current, 
output BI/RBO 


V O L^0.4V 







1.6 


mA 


V O L^0.5V 


.0 




3.2 


mA 



MITSUBISHI 
k ELECTRIC 



2-67 



MITSUBISHI LSTTLs 

M74LS48P 

BCD-TO-7-SEGMENT DECODER/DRIVER (ACTIVE-HIGH OUTPUT) 



ELECTRICAL CHARACTERISTICS tta = -zc 


~ + 70°C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V ' 


V 0H 


High-level output voltage 


Outputs a — g 


V CC =4.75V 

V| = 0.8V, V|=2V 


IOH=— 100/iA 


2.4 


4.2 




V 


Output Bl/RBO 


l O H=-50^A 


2.4 


4.2 




V 


■oh 


High-level output current 


Outputs a — g 


Vcc=4.75V.V|=0.8V.V|=2V.V O =0.85V 


-1.3 


-2 




mA 


Vol 


Low-level output voltage 


Outputs a — g 


V C c=4.75V 
V|=0.8V. V|=2V 


| 0L =2mA 




0.25 


0.4 


V 


IOL == 6mA 




0.35 


0.5 


V 


Output Bl/RBO 


IOL=1.6mA 




0.25 


0.4 


V 


loL=3.2mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Shan^SBO 


V C c=5.25V, V| = 2.7V 






20 


*A 


Vcc=5.25V. V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Input Bl/RBO 


Vcc=5.25V, V|=0.4V 






-1.2 


mA 


Other inputs 






-0.4 


mA 


los 


Short-circuit output current 


' Output Bl/RBO 


Vcc=5.25V, V = OV 


-0.3 




-2 


.mA 


Ice 


Supply current 


Vcc = 5.25V (Note 2) 




25 


38 


mA 



* : All typical values are at V C c= 5V, T a = 25 C. 
Note 2: Ice is measured with all inputs at 4.5V. 



SWITCHING CHARACTERISTICS (v cc =5V, 


Ta -25°C , unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Da to outputs a — g 


R L =4kQ 
C L =15pF (Note3) 




30 


100 


ns 


tpHL 




30 


100 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input RBI tooutputs a — f 


R L = 6kQ 
C L =15pF (Note3) 




40 


100 


ns 


tPHL 




45 


100 


ns 



Note 3: Measurement circuit 



INPUT 
■ 9 



PG 



V C C 



Vcc OUTPUT 



1 1 



dpc L 



irr 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz,t r =6ns ( t f =6ns,t w = 500ns, V P =3V P . P , Z o =50I2. 

(2) Cl includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



D A 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



I 

_H 



tPHL 
« >■ 



\ 



1 



/ 



\ 



J 



\ 



tPHL 
^ >. 
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DUAL 2-WIDE 2-INPUT 3-INPUT AND-OR-INVERT GATE 



DESCRIPTION 

The M74LS51P is a semiconductor integrated circuit 
containing dual 2-wide 2-input/3-input AND-OR-INVERT 
gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (P d =5.5mW typical) 

• High speed (t pd = 7ns typical) 

• Low output impedance 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Schottky TTL technology enables input high breakdown 
voltage, high speed, low power dissipation and high fan-out. 
This device consists of a NOR gate with two 2-input 
AND gates as the inputs and a NOR gate with two 3-input 
AND gates as the inputs, and the following logical 
expressions are yielded: 



1Y = 1A-1B-1C + 1D-1E-1F 



2Y=2A-2B-f 2C-2D 



FUNCTION TABLE 



M 


N 


Y 


L 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 



M = 1A-1B-1C 
N = 1D-1E-1F 
AND-OR 
M=2A-2B 
N=2C-2D 



PIN CONFIGURATION (TOP VIEW) 


INPUTS ■< 


' 1A -+ [T 

2A -> [J 
2B— \? 

2C -* [£ 

< 2D ~* OE 


KJ 




— , 


I 


< 


( 


T3]«- ic" 
]2}<- 1B 

TT]*- if 
To] ♦— IE 

H *- 1D . 

1] -♦ 1Y 


• INPUTS 
OUTPUT 


^ 


GND [7 








Outline 14P4 







CIRCUIT SCHEMATIC 



2AJAO- 
2B.1BO- 



1Co- 



2C.1DO- 



2D.1EO- 



i^j^ikii; 



1 — H- 




-^Vcc 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20 h75°C, unless otherwise noted ) 



Symbol 


1 Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°c 


Tstg 


Storage temperature range- 




-65 — +150 


°c 
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DUAL 2-WIDE 2-INPUT 3-INPUT AND-OR-INVERT GATE 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75-C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V H^2.7V 







-400 


*A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~ +75"C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-l8mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
Ioh=-400/;A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vrjc = 4.75V 
V|=2V 


| 0L = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc^.ZSV, V|=2.7V 






20 


/.A 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


Vcc = 5.25V, V o =0V 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


V C c = 5.25V, V|=0V 




0.8 


1.6 


mA 


ICCL 


Supply current, all outputs low 


V C c = 5.25V, V|=4.5V 




1.4 


2.8 


mA 



* : All typical values are at V C c=5V,T a =25°C). 

Note 1 : All measurements must be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc = 5V,Ta = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


C L =15pF 

(Note 2) 




6 


20 


ns 


tPHL 




8 


20 


ns 



Note 2: Measurement circuit 



50Q^ 



Vcc 



±Cl 



ITT 



TIMING DIAGRAM (Reference level = 1.3V) 



i 



\ 



\ 



tPHL 



tPLH 



(1 ) The pulse generator (PG) has the following characteristics: 

PRR = 1MHz,t r =6ns,tf=6ns, t w =500ns, V P = 3V P . P , Z = 50Q. 

(2) C L includes probe and jig capacitance. 
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DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOP WITH RESET 



DESCRIPTION 

The M74LS73AP is a semiconductor integrated circuit 
containing 2 J-K negative edge-triggered flip-flop circuits 
with discrete terminals for clock input T, inputs J and K 
and direct reset input Rp. 

FEATURES 

• Negative edge-triggering 

• Each flip-flop can be used independently 

• Direct reset input 

• Q and Q outputs 

• Wide operating temperature range (T a = — 20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

While T is high, signals J and K are put in the read-in state, 
and when T changes from high to low, the J and K signals 
immediately before the change emerge in outputs Q and Q 
in accordance with the function table. By setting Rp low, 
Q and Q are set low and high respectively irrespective of the 
status of the other input signals. For use as a J-K flip-flop, 
Rp must be kept high. 

Also available is M74LS107AP with the same functions 
and electrical characteristics. This offers easy mounting 
with Vcc positioned at pin 14 and GND at pin 7. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT U — ► fl — I 



DIRECT RESET 



1Rd 



INPUT 

INPUT 1K -* [T 
VCC |T 

CLOCK INPUT 2 T -* [£ 

DIRECT RESET 5~ _^ (Tl 
INPUT 2Rd IJL 



INPUT 2J 




OUTPUTS 



Outline 14P4 



FUNCTIONAL TABLE (NoteD 



T 


Rd 


J 


K 


Q 


Q 


X 


L 


X 


X 


L 


H 


i 


H 


H 


H 


Toggle 


i 


H 


L 


H 


L 


H 


I 


H 


H 


L 


H 


L 


i 


H 


L 


L 


Q° 


Q° 


H 


H 


X 


X 


Q° 


Q* 



i : Transition from high to low-level (negative edge trigger) 
X " Irrelevant 

QO : level of Q before the indicated steady-state input conditions were established. 
0~0 : level of Q before the indicated steady-state input conditions, were established. 
Toggle • complement of previous state with i transition of outputs 



BLOCK DIAGRAM (EACH FLIP-FLOP) 



OUTPUT QO- 



DIRECT 

RESET R D 0- 
INPUT 




INPUT KO- 



s= 



x: 




^ 



hi OQ OUTPUT 



-OJ INPUT 



CLOCK INPUT 
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DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOP WITH RESET 

ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75TC,unle S sotherwis e noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


V 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


/uA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


'■ V 


Vic 


Input clamp voltage 


Vcc = 4. 75V, hc=- 18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, Vl=0.8V 
V| = 2V , l O H=-400//A 


2.7 


1 3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75 V 

V| = 0.8V, V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


J, K 


Vcc = 5.25V 
V| = 2.7V 






20 


/"A . 


Rd 






60 


/iA 


T 






80 


U A 


J, K 


Vcc = 5. 25V 
V|=10V 






0.1 


mA 


Rb~ 






0.3 


mA 


T 






0.4 


mA 


IlL 


Low-level input current 


J, K 


Vcc = 5. 25V 
V| = 0.4V 






-0.4 


mA 


Rd T 






-0.8 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V O =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5. 25V (Note 3) 




4 


6 


mA 



* : All typical values are at Vcc — 5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Supply current measurements should be done with Q and Q set alternately high and T should be set low during actual measurement. 

SWITCHING CHARACTERISTICS (Vcc = 5V,Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Ci_=15pF (Note 4) 


30 


45 




MH 2 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to Q, Q 




8 


20 


ns 


tpHL 




6 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from Rq to Q, Q 




10 


20 


ns 


tpHL 




7 


20 


ns 
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Note 4: Measurement circuit 



PG 



50Q< 



Vcc 



4=c L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz. t r = 6ns, t f = 6ns, t w = 500ns, 

Vp = 3V P .p, z = 5on. 

(2) Cl includes probe and jig capacitance. 



TIMING REQUIREMENTS (V CC = 5V,Ta = 25 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


12 




ns 


tw(Ro) 


Direct reset input pulse width - 


25 


4 




ns 


tr 


Clock rise time 




650 


100 


ns 


tf 


Clock fall time 




900 


100 


ns 


t S U(H) 


Setup time high T to J , K 


20 


9 




ns 


tsu(D 


Setup time low T to J, K 


20 


10 




ns 


th(H) 


Hold time high T'to J, K 





- 8 




ns 


th(L) 


Hold time low T to J, K 





- 5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu(L) th(L) tsu(H) th(H) 



-M 



\ C7\ 



Jinn-inn 



t P HL L 

/ 



r 

Jtp LH 



Rd 

Q 
0" 



Note: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



tw(R D ) 



\_J 



V 

IL 



jtPLH 



APPLICATION EXAMPLE 
High-speed 1/3 divider 





















































J 1 

T 

K 
Rd 






J ' 1 
T 

K 

Rd 




I 












r— C 
























c 


p i 






<s 


f 












3^M74LS73AP 




1^M74L 


S73AP 


Rn -» : < 


i 









Qa 



Qb 



Qa 
Qb 



J L 



J — L 
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DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOPS WITH SET AND RESET 



DESCRIPTION 

The M74LS74AP is a semiconductor integrated circuit 
containing 2 D-type positive edge-triggered flip-flop circuits 
with discrete terminals for clock input T, data input D and 
direct set and reset inputs S D and R D . 

FEATURES 

• Each flip-flop can be used independently. 

• Direct set and reset inputs 

• Positive edge-triggering 

• Q and Q outputs 

• Wide operating temperature range (T a = -20 ~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When T changes from low to high, the D signal immediately 
before the change emerges • in outputs Q and Q in 
accordance with the function table. By using Sp and R D , 
this IC can be made into a direct R-S flip-flop. When both 
S D and R D are low, Q = Q= high. However, when both of 
them change to high at the same time, the status of Q and 
Q cannot be anticipated. For use as a D-type filip-flop, 
S^ and R D must be kept in high. 

FUNCTION TABLE 



S D 


Rd 


T 


D' 








.L 


H 


X 


X 


H 


L 


H 


L 


X' 


X 


L 


H 


L 


L 


X 


X 


H * 


H * 


H 


H 


L 


X 


Q° 


Q° 


H 


H 


t 


H 


H 


L 


H 


H 


• t 


L 


L 


H 



PIN CONFIGURATION (TOP VIEW) 



direct iR^^rn 

RESET INPUT 1R D ~ "LI 

DATA INPUT ID -+E 

CLOCK INPUT 1T -»|T 

DIRECT is^->[T 

SET INPUT i;dd L^-l 

'10 ^DE 

tq-GE 

GND (T 




H] Vcc 

TtI^ ,f- DIRECT 

1_3]«— 2R D RESET INPUT 

HI*- 2D DATA INPUT 

HI*- 2T CLOCK INPUT 

Tnl — ooT DIRECT 

J_u| ^b D SET INPUT 

H— 2Q 1 

OUTPUTS 
7|— 2Q J 



Outline 14P4 



LOGIC DIAGRAM 
(EACH FLIP-FLOP) 



DIRECT ^ 
SET INPUT S D CD- 



DATA DoT>rl>- 

INPUT f—^ 



CLOCK jo 
INPUT 



-< 



i>j- 



DIRECT— o- 
RESET Rd 
INPUT 




Note 1: t : Transition from low to high-level 

Q ° 1 level of Q before the indicated steady-state input conditions were established. 
Q° : level of Q before the indicated steady-state input conditions were established. 
X '. Irrelevant 

* '■ Nonstable; it will not persist when Rq.Sd inputs return to their in- 
active (high) level. 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~ +75 C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-+5.5 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 
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DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOPS WITH SET AND RESET 

RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75-C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V OH ^2.7V 







-400 


/"A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~-t-75'C. unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V. V| = 2V 
| OH =-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C C = 4.75V 

Vi = 0.8V, V| = 2V 


| L = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


D, T 


V C c = 5.25V, V, = 2.7V 






20 


/iA 


Sd , Rd 






40 


D,T 


V C C = 5.25V, V, = 10V 






0.1 


mA 


So , Rd 






0.2 


IlL 


Low-level input current 


D, T 


Vcc = 5.25V, V| = 0.4V 






-0.4 


mA 


Sd, Rd 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc = 5. 25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V, (Note 3) 




4 


8 


mA 



* : All typical values are at V C c = 5V, Ta = 25°C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 3: Measurement circuit 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L = 15pF 

(Note 4) 


25 


50 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to Q, Q 




11 ~^ 


25 


ns 


tpHL 




11 


40 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from Sd. Rd to Q, Q 




8 


25 


ns 


tPHL 




11 


40 


ns 



Note 4: Measurement circuit 



Vcc 



c 


> 


1 


1 


c 






DUT 




PG 














<|50Q 


T 


T 


T. 



ZtC L 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz , t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp.p, Z o = 50n 

(2) Cl includes probe and jig capacitance. 
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TIMING 


REQUIREMENTS (v cc =5v, T a =25U 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 


• 


25 


4 




ns 


tw (Sd.Rd) 


Direct set and reset inputs Sp, Rq pulse width 


25 


4 




ns 


tsu(DH) 


Setup time high D to T 


20 


10 




ns 


tsu(E)L) 


Setup time low D to T 


20 


8 




ns 


th(DH) 


Hold time high D to T 


5 


- 5 




ns 


th(DL) 


Hold time low D to T 


5 


- 5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu(DL) th(DL) tsu(DH) th(DH) 



■M 



LJMf^ 



I tw(TH) V 



Y 



tpHL 



/ 



tPLH 



f 



tPLH 



\ 



tpHL 



Note 4: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 

APPLICATION EXAMPLE 

^divider 



tw(SD) 



*-\J 



Rd 



/ 



tPLH 



1 



tpHL 



\J~ 



tw(R D ) 

-* s* 



tpHL 



/ 



tPLH 



Rdh 



Sd 
D 1 



Rd 



Sd 
D 1 



Rd 

T 



■ Qa 



-Qb 



q a "1__j — L 

Qb I 



2-76 



A MITSUBISHI 
I 



.ELECTRIC 



MITSUBISHI LSTTLs 

M74LS75P 

4-BIT BISTABLE LATCH 



DESCRIPTION 

The M74LS75P is a semiconductor integrated circuit con- 
taining 4 bistable latch circuits and is provided with outputs 
QandQ. 

FEATURES 

• Enable inputs common to two circuits each 

• Q and Q outputs 

• Wide operating temperature range (T a = —20 ~ +75° C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device contains 4 D-type latch circuits and is provided 
with enable inputs E common to 2 circuits each. When E is 
high, the information from the data input D appears in the 
outputs Q and Q. When the D signal changes, the signal that 
appears in outputs Q and Q also changes. When E changes 
from high to low, the status of D immediately before the 
change is latched. While E is low, the status of Q and Q 
does not change even if D is changed. 

Also provided is the M74LS375P with the same func- 
tions and electrical characteristics. With the Vcc positioned 
at pin 16 and GND at pin 8, this device makes for easy 
mounting. 

FUNCTION TABLE (Noteij 



E 


D 


Q 


Q 


H 


H 


H 


L 


H 


L 


L 


H 


L 


X 


Q° 


Q° 



Note 1 Q°,0° ' Level of Q and Q before the indicated steady-state input conditions 
were established. 
X I Irrelevant 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1Q«— [T- 
'1D-+I 2 
.2D 



DATA 
INPUTS ' 






ENABLE 3-4E_h.IT 
INPUT J 4 -- > l_l 

Vcc |T 

[3D— [T 
[4D-+I7 
OUTPUT 4Q«—|T 



DATA 
INPUTS 



V 



n-rt 



16]— 1Q j 

T5J — 2Q [ OUTPUTS 

14]— 2Q J 

1 ? p ENABLE 
*"~ INPUT 

GND 

n] — 3Q 

•JO] — 3Q r OUTPUTS 

T| — 4Q . 



Outline 16P4 



BLOCK DIAGRAM (EACH LATCH) 

DATA ^^ t ^ 




INPUT uo —J A__^ 1 


O Q OUT 

rW UTS 


"$£ EO T^7C>^ >_ ^ 


THE OTHER LATCHES 



ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75 < C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5~ + V C c 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


t 


Tstg 


Storage temperature range 




-65- + 150 


x: 
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RECOMMENDED OPERATING CONDITIONS (Ta= -20- + 75X;, unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-400 


//A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta 



-20 h 75°C , unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


Vm 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






- 1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, Vi =0.8V 
V| =2V, Ioh=-400/M 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| =0.8V, V| =2V 


10L=4mA 




0.25 


0.4 


V 


loi_ = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


D 


Vcc= 5.25V 
V|=2.7V 






20 


A/A 


E 






80 


D 


V C c=5.25V 
Vi = 10V 






0.1 


mA 


E 






0.4 


IlL 


Low-level input current 


D 


V CC =5.25V 
Vi=0.4V 






-0.4 


mA 


E 






-1.6 


los 


Short-circuit output current (Note 2) 


Vcc= 5.25V, V = V 


-20 




-100 


mA 


Ice 


Supply current 


V C c= 5.25V (Note 3)' 




6.3 


12 


mA 



* : All typical values are at Vcc=5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with all inputs at OV. 

SWITCHING CHARACTERISTICS (VCC = 5V, Ta = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D to output Q 


C L =15pF (Note 4) 




12 


27 


ns 


tpHL 




8 


17 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D to output Q 




10 


20 


ns 


tpHL 




6 


15 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output Q 




13 


27 


ns 


tPHL 




12 


25 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output Q 




12 


30 


ns 


tPHL 




6 


15 


ns 



Note 4: Measurement circuit 



INPUT Vcc OUTPUT 



50 Q< 



dpC L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3V P .p,Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 
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4-BIT BISTABLE LATCH 


TIMING 


REQUIREMENTS (vcc= 


= 5V, Ta = 25°C 


, unless otherwise noted ) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(EH) 


Enable input E high pulse width 




i 20 


7 




ns 


tsu(D) 


Setup time 1D — 4D to E 


20 


12 




ns 


th(D) 


Hold time 1D-4D to E 


8 


5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(EH) 



1-2E 
3-4E 



1D-4D 



1Q-4Q 



1Q-4Q 



i\ — h 



tsU(D) 



JT 

tpLH 

■* * 



tpHL 



tsU(D) 



tpHL 

* »> 

J 



r 



tPLH 



1Q-4Q 



1Q-4Q 



/ \ 



J 



tPLH 



tpHL 



f 



tPLH 



High-level 3-4E, 1-2E 
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DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOP WITH SET AND RESET 



DESCRIPTION 

The M74LS76AP is a semiconductor integrated circuit 
containing 2 J-K negative edge-triggered flip-flop circuits 
with discrete terminals for clock input T, inputs J and K 
and direct set and reset inputs Sq and Rp . 

FEATURES 

• Negative edge-triggering 

• Each fli-flop can be used independently 

• Direct set and reset inputs 

• Q and Q outputs 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

While T is high, signals J and K are put in the read-in state, 
and when T changes from high to low, the J and K signals 
immmediately before the change emerge in outputs Q and 
Q in accordance with the function table. By using Sq and 
Rp this IC can be made into a direct R-S flip-flop. When 
both Sp and Rp are low, Q = Q = high. However, when 
both of them change to high at the same time, the status of 
Q and Q cannot be anticipated. For use as a J-K flip-flop, 
Sp and Rp must be kept in high. 

Also available is M74LS112AP with the same functions 
and electrical characteristics. This offers easy mounting 
with Vcc positioned at pin 16 and GND at pin 8. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT 1T -*• IT 



DIRECT SET ^ - [[ 



DIRECT RESET ^ _^ rj 



INPUT 

RESET 
INPUT 

INPUT U _♦ |T 
Vcc [T 

CLOCK INPUT 2T -* [T 

DIRECT SET oo"- _^ H" 
INPUT ZbD ~* LL 

DIRECT RESET ? rI -► |T 
INPUT 2Rd , LI 



"\S~ 



L K R D 



T 
J S D 



X 



J S D 1 

T 

K R D 



T 



Te] 4- 1K INPUT 

T|] — 10 ' 

_ fOUTPL 

U\ GND 

T|] «- 2K INPUT 

TT]-2Q 

10] -* 20 

T| «- 2J INPUT 



OUTPUTS 



Outline 16P4 



FUNCTION TABLE 


NoteD 








T 


sB 


Rd 


J 


K 


Q 


Q 


X 


L 


H 


X 


X 


H 


L 


X 


H 


L 


X 


X 


L 


H 


X 


L 


L 


X 


X 


H* 


H* 


i 


H 


H 


H 


H 


Toggle 


i 


H 


H 


L 


H 


L 


H 


i 


H 


H 


H 


L 


H 


L 


i 


H 


H 


L 


L 


Q° 


0° 


H 


H 


H 


X 


X 


Q° 


Q° 



1 J. '. Transition from high to low-level (negative edge trigger) 
X '. Irrelevant 
* : Q = Q = high when Sq = R~d_= low and so when both Sp and R~d are 

set high, the status of Q and Q cannot be anticipated. 
QO: level of Q before the indicated steady-state input conditions were established. 
"qD : level of Q before the indicated steady-state input conditions were established. 
Toggle • Complement of previous state with I transition of outputs 



BLOCK DIAGRAM (EACH FLIP-FLOP) 



OUTPUT Q O- 



DIRECT 

RESET R d O- 
INPUT 




INPUT KO- 



^ 



x: 




^ 



-OQ OUTPUT 



_ DIRECT . 
-OS D SET 

INPUT 



-OJ .INPUT 



CLOCK INPUT 



2-80 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI LSTTLs 

M74LS76AP 

DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOP WITH SET AND RESET 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75 < C, unless otherwise noted ) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


V| 


Input voltage 




— 0.5 — h 15 


V 


V 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


r 


Tstg 


Storage temperature range 




-65~ + 150 


r 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~ + 75t;, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


MA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C, unless otherwise noted) 



* : All typical values are at Vcc = 5V, Ta = 25°C 
Note 2: So and Rq should not both be set to 0.4V simultaneously. 

Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 4: Supply current measurements should be done with Q and Q set alternately high and T should be set low during actual measurement. 

SWITCHING CHARACTERISTICS (Vc C = 5V,Ta = 25 C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V| L 


Low-level input voltage 








0.8 


V 


v,c 


Input clamp voltage 


V CC = 4.75V, l| C =-l8mA 






-1. 5 


V 


VfJH 


High-level output voltage 


V CC = 4.75V, V| = 0.8V 
V| = 2V, l OH ^-400^A 


2.7 


3.4 




V 


Vol 


High-level input current 


V CC = 4.75V 

V, = 0.8V, V, = 2V 


l L = 4mA 




0.25 


0.4 


V 


l L = 8mA 




0.35 


0.5 


V 


l|H 


Low-level input current 


J, K 


V CC = 5.25V 
V, = 2,7V 






20 


M 


Sq» Rd 






60 


T 






80 


J, K 


V CC = 5.25V 
V,= I0V 






0. I 


mA 


Sq. Rd 






0.3 


T 






0.4 


"IL 


Low-level output voltage 


J, K 


V CC = 5.25V 

V| = 0.4V (Note 2) 






-0.4 


mA 


Sd> ^d, T 






-0.8 


•os 


Short-circuit output current (note 3) 


V CC = 5.25V, V o = 0V 


-20 




-1 00 


mA 


•cc 


Supply current 


V CC = 5.25V (Note 4) 




4 


6 


mA 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 5) 


30 


45 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to Q, Q 




6 


20 


ns 


tpHL 




7 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from Sp, Rq t0 Q» Q 




7 


20 


ns 


tpHL 




7 


20 


ns 
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DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOP WITH SET AND RESET 



TIMING REQUIREMENTS (Voo= 5 V, 73 = 251=, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


12 




ns 


tw(SD.RD) 


Direct set, reset pulse width 


25 


4 




ns 


tr 


Clock rise time 




650 


100 


ns 


tf 


Clock fall time 




900 


100 


ns 


tsil(H) 


Setup time high J , K to T 


20 


12 




ns 


t SU(L) 


Setup time low J, K to T 


20 


12 




ns 


th(H) 


Hold time high J, K to T 





-10 




ns 


l h(D 


Hold time low J, K to T 





- 6 




ns 



Note 5: Measurement circuit 

INPUT Vcc OUTPUT 



50Q< 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P = 3Vp.p,Z o = 50n. 
; C|_ (2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu(L) th(i_) tsu(H) th(H) 



-52t 



tPHlA 



tPLH 



\ C7\ 



Tiiiniiiif 



tw(TH) 



\ 



r 



S D 

Rd 

Q 



Note: The shaded areas indicate when the input is permitted to change for predict- 
able output performance. 



tw(S D ) 



J 



1 



\ 



tPLH 



tW(R D ) 



X ^J 



tPHL 



\ 



/ 
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4-BIT BINARY FULL ADDER WITH FAST CARRY 



DESCRIPTION 

The M74LS83AP is a semiconductor integrated circuit 
containing a 4-bit binary look ahead carry type full adder. 

FEATURES 

• High speed with look-ahead carry addition 

• Possible configuration of systems with partial look-ahead 
carry 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device performs the addition of two 4-bit binary 
numbers. When a 4-bit binary number is applied to inputs 
A t ~A 4 and B!~B 4 and the carry signal from the previous 
digit is applied to input C 0/ the respective bit sum output 
and carry outputs for the next upper digit appear in 
outputs 2>i~2 4 and C 4 . 

This adder features full internal look ahead across all 
four bits generating the carry term in 8ns typically. There- 
for, the carry output can be obtained in a delay time of 
8Nns when N-stages are connected and a 4N-bit parallel 
adder is configured. (Refer to application example.) 

Also available is the M74LS283P with the same func- 
tions and electrical characteristics and with a pin 16 V cc 
and 8 GND configuration. 



PIN CONFIGURATION (TOP VIEW) 




INPUT 
OUTPUT 


A 4 - H 
2 3 — U 


i r 




T|] «- B 4 


INPUT 
OUTPUT 




A 4 B.4 
2 3 ^ 




INPUTS 


A 3 — [T 

B 3 -* |7 

VCC |T 




A3 C 4 
B 3 Co 




U] -> C4 
]?| GND 


CARRY 
OUTPUT 
CARRY 
INPUT 


OUTPUT 
INPUTS 


2 2 — fj 
B 2 - [7 

A 2 — [7 




2 2 'Bi 

B2 Ai 
A2 2i 




u\ *- Bi 

T5] 4- At 

T] -> 2! 


INPUTS 
OUTPUT 




J L 






Outline 16 P4 





BLOCK DIAGRAM 



OUTPUTS 



CARRY INPUT 



CARRY OUTPUT 



C4 Vcc 

<s> © 




GND 
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FUNCTION TABLE 


(Note 1) 




C k -1 


A k 


B k 


2k 


c k 


L ' 


L 


L 


L 


L 


L 


H 


L 


H 


L 


L 


L 


H 


H 


, L 


L 


H 


H 


L 


H 


H 


L 


L 


H 


L 


H 


H 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H. 


H 


H 



C k and 2 k are the carry output and sum output obtained by 
adding Ak, Bk andCk-1 (carry input), and they are expressed 
in the following logical expression. 

Zk=A k @B- k 0Ck-i 

C k = A k -B k +(A k +B k )-Ck-i 

Where k=1~4 

© = Exclusive OR 

4-=OR 
• =AND 



ABSOLUTE MAXIMUM RATINGS (T a =-20~ + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5— 4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5- VCC 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.7V 







-400 


ma 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V, H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V|=0.8V 
V t = 2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4..75V 

V| = 0.8V, V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Co 


V C c = 5.25V, V|=2.7V 






20 


M A 


AT—A4, B!~B4 






40 


Co 


Vcc=5.25V, V|=10V 






0.1 


mA 


Ai~~ A4 , Bi~B4 






0.2 


IlL 


Low-level input current 


Co 


V CC =5.25V, V|=0.4V 






-0.4 


mA 


Ai~A4, Bi~ B 4 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V o =0V 


-20 




-100 


mA 


'cc 


Supply current 


V C c=5.25V, V| = 0V 




22 


39 


mA 


Vcc=5.25V, V|=0V, V|=4.5V (Note 3) 




19 


34 


mA 






V C c=5.25V, V|=4.5V 




19 


34 


mA 



* : All typical values are at V cc =5V,Ta=25 u C. 
Note 2: All measurements should be done quickly and not more than one 
Note 3: Measurement should be conducted with inputs B, -B 4 at OV and 



output should be shorted at a time, 
the other inputs at 4.5V. 
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SWITCHING CHARACTERISTICS (Voo=5V.T a = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Co to outputs £i ~ 24 


Cl=15pF (Note 4) 




12 


24 


ns 


tpHL 




13 


24 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs A i~A4, B-|~B4 to outputs 
2i~24 




9 


24 


ns 


tpHL 




11 


24 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Co to output C4 




8 


17 


ns 


tpHL 




8 


22 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs A i~A4, Bi~B4 to output C 4 




8 


17 


ns 


tPHL 




8 


17 


ns 



Note 4: Measurement circuit 



Vcc 



c 


p 


? 





PG 




DUT 




t;nn 5 




"% 


I 


W 



TIMING DIAGRAM (Reference level = 1.3V) 

i ^__ 



Co, A!~A 4 
BT-B4 



=^Cl 



(1 ) The pulse generator (PG) has the following characteristics: 

. PRR = 1MHz,t r =6ns, t f =6ns,t w = 500ns, Vp=3V P .p, Z o =50£2. 

(2) C|_ includes probe and jig capacitance 



APPLICATION EXAMPLE 

Shown on the right is a 4N-bit binary parallel adder using N 
number of M74LS83AP devices. The typical delay times of 
the carry output in this circuit are: 
N = 1 (4 bits) 10.5ns 

N = 2(8bits) 21ns 

N = 3 (12 bits) 31.5ns 

N = 4(16bits) 42ns 

N = 8 (32 bits) 84ns 

This allows a high-speed ripple carry adder to be configur- 
ed. 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



tpHL-l 



\ 



/ 



CARRY INPUT 



M74LS83AP 




CARRY OUTPUT 
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DESCRIPTION 

The M74LS85P is a semiconductor integrated circuit 
containing a 4-bit digital comparator. 

FEATURES 

• Easy expansion of number of bits 

• Binary or BCD comparison 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

By applying two sets of 4-bit binary numbers A and B to be 
compared to comparison inputs A ~A 3 and B ~B 3 and by 
setting cascade input l A=B high, high appears in outputs 
A>B/ A<B and A=B ' n accordance with the magni- 
tude. This is used for connecting cascade inputs l A > B , 
U<b and 'a = b ancI increasing the number of bits. 
(Refer to application example) 



PIN CONFIGURATION (TOP VIEW) 


COMPARISON B , ^rr 
INPUT 3 ~~* LL 


^ 




]&\ Vcc 




1 




Ia<b -+ [7 




B 3 

Ia<b A 3 




75] «- A3 




CASCADE 
INPUTS 


Ia=b -* |T 




lA = B B 2 




U] *- B 2 






llA>B — [± 




U>B A 2 




m- a 2 






Oa>b «- [£ 




Oa>b Ai 




7|] *- Ai 


COMPARI- 
• SON 
INPUTS 


OUTPUTS • 


Oa=b «- [J 




a = b Bi 




n] «- b, 






Oa<b «- \7 




°a<b a 
Bo k 




10] «•— Ao 

H «- B j 




GND {± 




I 






Outline 16P4 



BLOCK DIAGRAM 



A 3 <^5) 1 



COMPARISON INPUTS • 



B 3 



(b-r 



A2Q3)- 

b 2 (u> 

Ia<b (2) 

CASCADE INPUTS J | A = B (3} 



COMPARISON INPUTS 




D-! 



=0--: 



=0 



^fa 



;:r^>=:; 



ilS^ 



0-1 



g^ 



=0 




Vcc 

~(l6) 



?I3 ©0 A >B 



(6)0a = b 



^3 (j)Oa<b 



OUTPUTS 



GND 
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4-BIT MAGNITUDE COMPARATOR 


FUNCTION TABLE 


(Note 1) 










A 3 . B 3 


A2, B2 


A1 , B } 


Ao, Bo 


Ia>b 


Ia<b 


Ia=b 


A >B 


Oa<B 


A =B 


A 3 >B 3 


X 


X 


X 


X 


X 


X 


H 


L 


L 


A 3 <B 3 


X 


X 


X 


X 


X 


X 


L 


H 


L 


A 3 =B 3 


A 2 >B 2 


X 


X 


X 


X 


X 


H 


L 


L 


A 3 =B 3 


A 2 <B 2 


X 


X 


X 


X 


X 


L 


H 


L 


A 3 =B 3 


A 2 =B 2 


Ai>Bi 


X 


X 


X 


X 


H 


L 


L 


A 3 =B 3 


A 2 =B 2 


Ai<Bi 


X 


X 


X 


X 


L 


H 


L 


A 3 =B 3 


A 2 =B 2 


Ai=Bi 


A >Bo 


X 


X 


X 


H 


L 


L 


A 3 =B 3 


A 2 =B 2 


Ai=Bi 


Ao<B 


X 


X 


X 


L 


H 


L 


A 3 =B 3 


A 2 =B 2 


Ai=B! 


A =Bo 


H 


L 


L 


H 


L 


L 


A 3 =B 3 


A 2 =B 2 


Ai=Bi 


A =Bo 


L 


H 


L 


L 


H 


L 


A 3 =B 3 


A 2 =B 2 


Ai=Bi 


A =Bo 


X 


X 


H 


L 


L 


H 


A 3 =B 3 


A 2 =B 2 


Ai=Bi 


A =Bo 


H 


H 


L 


L 


L 


L 


A 3 =B 3 


A 2 =B 2 


Ai=Bi 


A =Bo 


L 


L 


L 


H 


H 


L 



Note 1. X '. Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta= -20~ +75°C, unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS (Ta = -20-+75TC. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


Voh^2.7V 







-400 


/uA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20~ +75-C. unless otherwise noted) 



* : All typical values are at V cc = 5V, T a = 25 C. 

Note 2: All measurements must be done quickly and not more than output should be shorted at a time. 

Note 3: Ice is measured with l A=B at OV and with all other inputs at 4.5V. 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5— + 15 


V 


v 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc = 4.75V, V|=0.8V 
V|=2V , l O H = -400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 
V|=0.8V, V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Ia<b, Ia>b 


Vcc = 5.25V 
V| = 2.7V 






20 


U A 


Ao~A3,B ~B 3 ,Ia=b 






60 


Ia<b. Ia>b 


Vcc = 5. 25 V 
V|=10V 






0.1 


mA 


Ao~-A 3) Bo~B3,Ia=b 






0.3 


IlL 


Low-level input current 


Ia<b. Ia>b 


Vcc = 5.25V 
V| = 0.4V 






-0.4 


mA 


Ao~A 3 ,Bo~B3.Ia=b 






-1.2 


los 


Short-circuit output current (Note 2) 


V C c=5.25V, V = V 


-20 




-100 


mA 


ice 


Supply current 


Vcc = 5. 25V (Note 3) 




11 


20 


mA 
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SWITCHING CHARACTERISTICS (V0C = 5V.Ta = 25-C, unless otherwise noted) 



Symbol 






.Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level 
output propagation time, from 
inputs, Ao ~ A3, Bo~B3 to 
outputs Oa<B, Oa=B, Oa>B 


Number of delay 
gate steps 1 


C L =15pF (Note 4) 




6 




ns 


tpHL 




11 




ns 


tPLH 


Number of delay 
gate steps 2 




10 




{ ns 


tPHL 




18 




ns 


tPLH 


Number of delay 
gate steps 3 . 




12. 


36 


ns 


tPHL 




20 


30 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Aq~A3 ,Bo~ B3 to outputs 
Oa<b,O a ^b.Oa>b 




16 


45 


ns 


tPHL 




20' 


45 


ns 


». tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ia = B to outputs a <b, a >b 




6 


22 


ns 


tPHL 




12 


17 


ns 


• tPLH 


Low-to-high-level, high-to-low-level output propagation . 
time, from input lA = B t0 output Oa=B 




7- 


20 


ns 


tPHL 




. 13 


26 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 




9 


22 


ns 


tPHL 


Oa<b, Oa=b, Oa>b' 






15 


17 


ns 



Note 4: Measurement circuit 



PG 



Vcc 



=^C L 



(1) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

v P =3Vp.p, z = son. 

(2) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A ~A 3l B ~B 3 
Ia<b, Ia = b . 'a>b 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3- 



J 



I 



tPHL 



tPHL 



tPLH 
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APPLICATION EXAMPLES 

(1 ) Shown below is a 24-bit (digital) comparator using the M74LS85P. Expansion is possible up to n bits using this type of cascade connection. 

OUTPUTS 

M74LS85P 



m cq m 
A II V 
< < < 

o o o 

m m m 

<<< AqBqAiBi A 2 B 2 A 3 B 3 



M74LS85P 



A II V 

< < < 

o o o 



<^-5A Bq AiBt A 2 B? A3B3 



TUT 



NC 



NC : NO CONNECTION 



M74LS85P 



co m m 
A II V 
< < < 

OOO 



.< << AqBqAiBi A2B2 A3B3 



M74LS85P 



CD CD CD 
A II V 
< < < 

OOO 

<<< AqBq Ai B1A2B2 A3B3 



TTTTTT 



M74LS85P 



CD CD 

A II V 
< < < 
OOO 

CO CD CO 

< < j?AjBq A] B1A2 B2 A3B3 



M74LS85P 



CO CO CO 

_<_<_< AqBq A1B1 A2B2 A3 B3 



L H L A Bo A,B, A 2 B 2 A 3 B 3 A 4 'L B< A5B5 A 6 B 6 A 7 B 7 A g B 8 A 9 L B 9 A^B^AnBn A, 2 B, 2 A 13 B 13 A u L B 14 A,5B,.,A, 6 B,6Ai 7 B, 7 Ai8B,8 A 19 L B 19 A 2 oB 2 oA 21 B 2 iA 22 B 22 A2 3 B23 

LOWEST-LEVEL BIT HIGHEST-LEVEL BIT 

(LOWEST DIGIT) (HIGHEST DIGIT) 

NC : NO CONNECTION 
(2) Shown below is an n-bit comparator using the M74LS85P. The speed is decreases as the number of bits in the configuration below increases, configuration below. 
M74LS85P M74LS85P 



Ia<b a <b 

Ia = b Oa = b 

Ia>b a >b 

AqAjA^BqBiB^ 

A A, A 2 A 3 BoB 1 B 2 B3 



Ia<b O a <b 

Ia = b °a = e 

Ia>b °a>e 

A AiA 2 A 3 BoBi B 2 B 3 

IM1I11I 

An- 4 A n -2 B n -4 B n - 2 
A n -3 A n -1 B n -3 • B n -i 



►A<B 

►A = B ^OUTPUTS 

-A>B j 
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DESCRIPTION 

The M74LS86P is a semiconductor integrated circuit 
containing 4 dual-input exclusive-OR gates. 

FEATURES 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd= 30.5mW typical) 

• High speed (tpd = 10ns typical)' 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75 C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology has enabled the 
achievement of input high breakdown voltage, high speed, 
low power dissipation, and high fan-out. 
When both inputs A and B either low or high, output Y is 
low, and when A and B are high and low or low and high 
respectively, Y is high. 



FUNCTION TABLE 


A 


B 


Y 


L 


L 


L 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 



CIRCUIT SCHEMATIC (EACH GATE) 



24k|24kj9k| 20k f |7.6k 120; 



AO- 
IBO- 



tti 



*4(?k3 




■o Vcc 



*— OGND 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5 — h 15 


V 


v 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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RECOMMENDED OPERATING CONDITIONS (Ta = 



-20 — h75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-400 


MA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75X, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


Vcc = 4.75V, l|c=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc = 4.75V, V|=0.8V 
V| = 2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 

V| = 0.8V, V| = 2V 


| L = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc = 5.25V, V| = 2.7V 






40 


/iA 


V C c = 5.25V, V|=1 0V 






0.2 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V| = 0.4V 






-0.8 


mA 


los 


Short-circuit output current (Note 1 ) 


V C C = 5.25V, V O =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 2).. 




6.1 


10 


mA 



* : All typical values are at Vcc = 5V - Ta = 25 C. 
Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 2: Ice ' s measured with all inputs grounded. 

SWITCHING CHARACTERISTICS (Vcc = 5VT a = 25°C, unless otherwise not6d) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low^to-high-level, high-to-low-level output propagation 
time 


C|_=15pF, Other input low J (Note 3) 




8 


23 


ns 


tpHL 




12 


17 


ns 


tpi_H 


Low- to-high-level, high-to-low-level output propagation 
time 


C|_= 15pF, Other input high (Note 3) 




8 


30 


ns 


tpHL 




10 


22 


ns 



Note 3: Measurement circuit 



Vcc 



TIMING DIAGRAM (Reference level = 1.3V) 

v 



4=c L 



itr 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z = 50n 

(2) C|_ includes probe and jig capacitance. 



\ 



I 



±m 



\ 
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DESCRIPTION 

The M74LS90P is a semiconductor integrated circuit 
containing an asynchronous decade counter function with 
direct reset inputs and direct 9-set inputs. 

FEATURES 

• Direct reset inputs provided 

• Direct 9 set inputs provided 

• Usable independently as binary and divide-by-five count- 
er 

• High-speed counting (f max =75MHz typical) 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device consists of independent binary and divide-by- 
five counters. Clock input T! and output Q A are employed 
for use as a binary counter while clock input T^ and Q B/ 
Q c and Q D are employed for use as a divide-by-five 
counter. When employed as a decade counter, Q A and T7 
are connected and by making 77 the input, the BCD code 
output appears in outputs Q A , Q B , Qc ar| d Qd- Counting is 
performed when Ti and T 2 are changed from high to low. 
The binary and divide-by-five counters can be reset or 



PIN CONFIGURATION (TOP VIEW) 


CLOCK INPUT T~l-+ \T 

DIRECT R D1 ~* LL 
RESET \ 
INPUTS (R D2 -»[T 

NC [± 
Vcc |T 

DIRECT [ Sd < 9 > 1 -H 

9 SET 
INPUTS I S D (9)2 -*|T 




j4] 4- TT clock' input 
]3] NC 
H] — Oa) 

[ OUTPUTS 

ID - Od J 
To] GND 

_, \ OUTPUTS' 

3 - oc J 




t 2 t, 

Rdi 

Rd2 Oa 
Od 

Sd(9)i Ob 
Sd(9)2Qc 










Outline 14P4 


NC : NO CONNECTION 



set to 9 simultaneously by setting direct reset inputs R D1 
and R D2 high or direct 9 set inputs S D (g)., and S D ( 9 ) 2 
high. For use as a counter, R D1 and/or R D2 , and Sqo)-, 
and/or S D ( 9 ) 2 , are set low. 

Also provided is the M74LS290P with the same func- 
tions and electrical characteristics. Its GND positioning, at 
pin 7 and V cc at pin 14 makes for easy mounting. 



BLOCK DIAGRAM 



DIRECT 9 SET INPUTS 



DIRECT RESET INPUTS 




Ob 



Qc 



J ihf 
dT 

KRpO 



5 



J I 
■dT 
*R D 



LO 



Qd V cc 



4_JlO(sS^i]H. 



T 

Rr d o 



GND 
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FUNCTION TABLE (Notei) 



T 


Rdi 


RD2 


SD(9)1 


SD(9)2 


Qa 


Qb 


Qc 


Qd 


X 


H 


H 


L 


X 


L 


L 


L 


L 


X 


H 


H 


X 


L 


L 


L 


L 


L 


X 


X 


X 


H 


H 


H 


L 


L 


H 


1 


L 


X 


L 


X 


Count 


i 


X 


L 


X 


L 


Count 


i 


L 


X 


X 


L 


Count 


i 


X 


L 


L 


X 


Count 



Note 1 I '. Transition from high to low 
X ' Irrelevant 



ABSOLUTE MAXIMUM RATINGS (T a = 



Count 


Qa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 



( 1) Output Q A is connected to input B for BCD count. 
-20 h75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 


Inputs Ti , T2 


-0.5-+5.5 


V 


Inputs R D1i R D2| Sd(9)1, Sd(9)2 


-0.5- +15 


VO 


Output voltage 


High level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = 



-20 ~+75TJ, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


J"A 


lOL 


) 
Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20~ + 75'C , unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V|H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V| = 2V, l O H=-400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V| = 2V 


IOL = 4mA(Note2) 




0.25 


0.4 


V 


IOL = 8mA(Note3) 




0.35 


0.5 


V 


Iih 


High-level input current 


RDI, RD2. Sd(9)1, Sd(9)2 


Vcc = 5.25V 
V| = 2.7V 






20 


M 


TT 






40 


t7 






80 


Ti 


Vcc =5. 25V 
V| = 5.5V 






0.2 


mA 


tT 






0.4 


RDI, RD2, Sd(9)1, Sd(9)2 


V C C = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


RDI, RD2, Sd(9)1, Sd(9)2 


Vcc = 5.25V 
V| = 0.4V 






-0.4 


mA 


TT 






-2.4 


Ti 






-3.2 


los 


Short-circuit output current (Note 3) 


Vcc = 5.25V, V O =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5. 25V (Note 4) 




9 


15 


mA 



*: All typical values are at Vcc =5V,T a = 25 C. 

Note 2: Testing of output Qa should be conducted with input T 2 connected to output Qa- 
Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 4: l C c is measured with R D i , Rq2 inputs grounded following momentary connection to 4.5V, and T-| , T2, Spon and Sdo)2 inputs grounded 
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SWITCHING CHARACTERISTICS ( v cc =5v, 


Ta — 25°C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency, from input Ti to output Qa 


C L =15pF (Note 5) 


32 


75 




MHz 


fmax 


Maximum clock frequency, from input T 2 to output Qb 


16 


30 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ti to output Qa 




7 


16 


ns 


tpHL 




8 


18 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ti to output Qd 




15 


48 


ns 


tpHL 




16 


50 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T 2 to output Qb 




7 


16 


ns 


tpHL 




8 


21 


ns 


tpLH 


Low-to-high-output, high-to-low-level output propagation 
time, from input T 2 to output Qc 




15 


32 


ns 


tpHL 




15 


35 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T 2 to output Qd 




7 


32 


ns 


tpHL 




8 


35 


ns 


tpHL 


High-to-low-level output propagation time, from inputs 
Rdl Rd2 to outputs q Ai Qb, Qc, Qd 




17 


40 


ns 


tpLH 


Low : to-high-level output propagation time, from inputs 
Sd(9)1. Sd(9)2 to outputs Qa, Qd 




10 


30 


ns 


tpHL 


High-to-low-level output propagation time, from inputs 

Sd(9)i. Sd(9)2 to outputs Qb, Qc 




14 


40 


ns 



Note 5: Measurement circuit INPUT v cc OUTPUT 





c 


5 


r 









DUT 




PG 














50 CjJ 


I 


-f 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r =6ns, t f =6ns, t w =500ns, V P = 3V P . P , Z D = 5012. 

(2) C|_ includes probe and jig capacitance 



TIMING 


REQUIREMENTS (v o=5V.T a =25-c, 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


twd^H) 


Clock input Ti high pulse width 




15 


6 




ns 


tw(TlH) 


Clock input T 2 high pulse width 


30 


17 




ns 


tw(R D ) 


Direct reset Rdi, Rd 2 P ulse width 


15 


6 




ns 


tw(s D ) 


Direct 9 set Sd(9)i, Sd(9) 2 pulse width 


15 


8 




ns 


tr 


Clock pulse rise time 




500 


100 


ns 


tf 


Clock pulse fall time 




200 


100 


ns 


trec(R D ) 


Recovery time Rdi, Rd2 to Ti, T~2 


25 


8 




ns 


trec(s D ) 


Recovery time Sd(9) 1 , Sd(9)2 to T 1 , T 2 


25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

t W(Ti , T 2 H) 



Ti , T 2 



Qa , Qb , Qc , Qd 



\ r—^K 



\ 



Rdi , Rd2 



/ \ 



Ti,T 2 



SD(9)1 Sd(9) 2 



! ^v 



Ti,T 2 



Qb.Qc 



tw(s D ) 



Qa, Qb, Qc, Qd 



Sd(9)1 , Sd(9)2 



tw(R D ) 



\ 



tpHL V 



/ 



* *| tr 



/ \ 



IPHL ^ 



/ 



Ti,T 2 



Qa.'Qd 



tw(s D ) 



\ 



/ 



\ 



tpLH 
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8-BIT SHIFT REGISTER 



DESCRIPTION 

The M74LS91P is a semiconductor integrated circuit 
containing an 8-bit serial input-serial output shift register 
function. 

FEATURES 

• Synchronous serial input-serial ouptut 

• Positive edge-triggering 

• Q 7 and Q 7 outputs provided 

• Wide operating temperature range (T a =-20~75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device contains 8 edge-triggered R-S-T flip-flops and 
the serial data input D S1 , D S2 and D S1 *D S2 represents 
the first-stage flip-flop data input. 

When D S1 and D S2 are both high and eight clock pulses 
are applied to clock input T, the high signal appears in Q 7 
and the low signal in Q 7 . When one or more of the inputs is 
low and the eight clock pulses are applied to T, the low 
signal appears in Q 7 and the high signal in Q 7 . 

Data reading and shifting operations are performed when 
T changes from low to high. 

Either D S1 and D S2 should be set low and eight or more 
clock pulses should be applied to T in order for all the 8 
flip-flops to be set low. 



PIN CONFIGURATION (TOP VIEW) 







w 


JU-Q7 J 
]U«- Dsi 






LL 
H 

H 


<s 






NC 




Qt 

Q7 

Dsi 




OUTPUTS 














DATA INPUTS 


111 




D S 2 




ID—DS2 J 




Vcc (J 








To] GND 




fd 

NC 




T 




1] NC 


CLOCK INPUT 


ill 











Outline 14P4 



NC: NO CONNECTION 



FUNCTION TABLE (Note D 



tn 


tn+8 


Dsi 


D S 2 


07 


07 


L 


L 


L 


H 


L 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


L 



Note 1 tn : Bit time before clock 

tn+8 : Bit time after 8 clock pulses have been applied 



BLOCK DIAGRAM 



l~" 



DATA INPUTS 



CLOCK INPUT 



Dsi (W- 
D S 2 ©- 



OrO 



T (9 




s 



R 



S 



T 

R 



5) Vcc 




<10)GND 
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OPERATION TIMING DIAGRAM 



12 7 8 9 15 16 17 19 23 24 25 26 27 

t _jtjt:;:::xijijt~:::^^ 




ABSOLUTE MAXIMUM RATINGS (T a =-20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5— -h15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




,-65~ + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20--r-75°C , unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.7V 







-400 


/M 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20- +75 C, unless otherwise noted) 



Symbol ' 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V. V| = 0.8V 
V|=2V. I H= -400/yA 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 

V| = 0.8V.V| = 2V 


l0L=4mA 




0.25 


0.4 


V 


| 0L =8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc = 5.25V. V|=2.7V 






20 


M 


. V C c=5.25V. V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V. V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current 


V C c=5.25V. V o = 0V (Note 2) 


-20 




-100 


mA 


Ice 


Supply current 


V C c=5.25V (Note 3) 




12 


20 


mA 



* : All typical values are at V cc = 5V,T a = 25°C 

Note 2: All measurements should be done quickly. 

Note 3: l C c is measured with Dsi and D$2 at OV after 8 clock pulses have been applied to T 
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SWITCHING CHARACTERISTICS (Vco=5V. Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


f max 


Maximum clock frequency 


C|_ = 15pF (Note 4) 


10 


60. 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs 07. 07 




12 


40 


ns 


tpHL 




15 


40 


ns 



TIMING REQUIREMENTS (V C C = 5V, Ta = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input pulse width 




25 


6 




ns 


tsu(Ds) 


Setup time Dsi , Ds2 to T 


25 


7 




ns 


th(Ds) 


Hold time Dsi , Ds2 to T 


6 







ns 



Note 4: Measurement circuit 



PG 



Vcc 



iir 



=^c L 



w 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f =6ns, t w =500ns, Vp=3V P . P , Z o =50f2. 

(2) C|_ includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



07-07 



07-07 



r 

J' 



tPHL 
tpLH 



\ 



J 



D S 1 



•D S 2 \ 

J 



I 



DsT Ds2 



tsu(Ds) 



tw(T) 



th(Ds) \ 



f 



Jh(D s) 
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DESCRIPTION 

The M74LS92P is a semiconductor integrated circuit 
containing an asynchronous divide-by-twelve counter func- 
tion with direct reset inputs. 

FEATURES 

• Direct reset input provided 

• Usable independently as binary and divide-by-six counter 

• High-speed counting (f ma x =80MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and 
divide-by-6 counters. Clock input T! and output Qa are 
employed for use as a binary counter while clock input T 2 
and Qb, Qc and Qd are employed for use as a divide-by-6 
counter. When employed as a divide-by-12 counter, Qa and 
T~ 2 are connected and by making T x the input, the output 
appears in outputs Qa/ Qb, Qc and Qd in accordance with 
the function table. The code appearing in the output is not 
pure binary code. Counting is performed when Ti and T 2 
are changed from high to low. 

The binary and divide-by-6 counters can be reset 
simultaneously by setting direct reset inputs Rdi and Rd2 
high. For use as a counter, either R D1 or R D2 or both set 
low. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT T2 -♦ [T 




-, CLOCK 
14J «- Ti | N p UT 


NC |T 




T 2 


Ti 




13] NC 


NC [7 






Qa 




12]— Qa] 

> OUTPUTS 


NC [T 






Ob 




n]— Qb J 


Vcc [T 










UJ] GND 


DIRECT RESET 


' Rdi -»- |T 
Rd2-> JT 




Rdi 

RD2 


Qc 

Qd 




U— Qc] 


INPUTS 










]]— Qd J 



Outline 14P4 nc : no connection 



BLOCK DIAGRAM 



CLOCK INPUT Ti (l4 



DIRECT RESET 
INPUTSl 

[RD2(7 



CLOCK INPUT 



15 (b- 



OUTPUTS 



Qa 
-<12> 




Qb 



-cT 
K 



Rd 



Qc 



J 1 - 



cT 



K R D ° 



Qd Vcc 

<5MD 



J 
-cT 



Rd 

T 



GND 
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FUNCTION TABLE (Noteii 



T 


Rdi 


RD2 


Oa 


Qb 


Qc 


Od 


X 


H 


H 


L 


L 


L 


L 


1 


L 


H 


Count 


i 


H 


L 


Count 


i 


L 


L 


Count 



Note 1 I : Transition from high to low 
X : Irrelevant 



ABSOLUTE MAXIMUM RATINGS 



(Ta 



-20 h75"C, unless otherwise noted) 



Count number 


Oa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


L 


L 


H 


7 


H 


L 


L 


H 


8 


L 


H 


L 


H 


9 


H 


H 


L 


H 


10 


L 


L 


H 


H 


11 


H 


L 


H 


H 



(1 ) Valid when Qa and T 2 are connected and Ti is made the input 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 


Inputs T), T2 


-0.5-4-5.5 


V 


Inputs R D1 , R D2 


-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDTIONS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 






Limits 


; Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-400 


ju* 


lOL 


Low-level output current 


Voi_^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75*C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, l|o=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, V|=0.8V 
V|=2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 
V|=0.8V, V|=2V 


IOL=4mA(Note2) 




0.25 


0.4 


V 


I OL= 8 mA (Note 2) 




0.35 


0.5 


V 


Iih 


High-level input current 


RD1, r D2 


V C c=5.25V, V|=2.7V 






20 


^A 


Tf 






40 


T 2 






80 


T? 


Vcc-5.25V, V|-5.5V 






0.2 


mA 


T 2 






0.4 


RD1, RD2 


Vcc=5.25V, V|-10V 






0.1 


mA 


IlL 


Low-level input current 


RD1.RD2 


V C c=5.25V, V|=0.4V, 






-0.4 


mA 


t? 






-2.4 


TF 






-3.2 


I OS 


Short-circuit output current (Note 3) 


Vcc=5.25V, V O =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc=5.25V (Note 4) 




9 


15 


mA 



* : All typical values are at V cc =5V,Ta = 25°C. 

Note 2: Testing of output Qa should be conducted with input 77 connected to output QA, 
Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 4: l cc is measured with T~7 and TJat 0V after Rqi and R D2 have been set to 0V from 4.5V. 
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SWITCHING CHARACTERISTICS (Voo = 5V.T a = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency, from input T7 to output Qa 


C L =15pF (Note 4) 


32 


80 




MHz 


fmax 


Maximum clock frequency, from input T 2 to output Qb 


16 


30 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation fime, from input T7 to output Q A 




7 


16 


ns 


tpHL 




8 


18 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input Ti to output Od 




25 


48 


ns 


tpHL 




25 


50 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2to output Qg 




7 


16 


ns 


tPHL 




8 


21 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation fime, from input T2 to output Qc 




8 


16 


ns 


tPHL 




10 


21 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Od 




15 


32 


ns 


tpHL 




15 


35 


ns 


tpHL 


High-to-low-level output propagation time, from 
inputs Rdi, Rd2 to outputs Qa, Ob, Qc, Qd 




17 


40 


ns 



Note 4: Measurement circuit 



50Q- 



Vcc 



±C L 



1JT 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR ■= 1MNz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp.p, z = 5oa 

(2) Cl includes probe and jig capacitance 



TIMING REQUIREMENTS (V CC = 5V , T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


twCTjH) 


Clock input T1 high pulse width 




15 


6 




ns 


tw(TiH) 


Clock input T2 high pulse width 


30 


17 




ns 


^w(Rd) 


Direct reset Rdi . Rd2 pulse width 


15 


5 




ns 


tr 


Clock pulse rise time 




500 


100 


ns 


tf 


Clock pulse fall time 




200 


100 


ns 


trec(Ro) 


Recovery time Rqi , Rd2 to T] , 77 


25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



Ti, T 2 



-X_J 



tw(T 1 ,T 2 .H). 



Qa, Qb, Qc, Qd 



tPHL 



"L 



V 



Rdi. Rd2 



_r 



r 



Ti, T 2 " 



tpLH 



Qa, Qb, Qc, Qd 



tw(Rp) 



t 



V 



\ 



/ 
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DESCRIPTION 

The M74LS93P is a semiconductor integrated circuit 
containing an asynchronous 4-bit binary (hexadecimal) 
counter function with direct reset inputs. 

FEATURES 

• Direct reset inputs provided 

• Usable independently as binary and octal counter 

• High-speed counting (fmax =60MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and octal 
counters. Clock input T 1 and output Qa are employed for 
use as a binary counter while clock input T 2 and Qb, Qc 
and Qd are employed for use as an octal counter. When 
employed as a hexadecimal counter, the pure binary code 
output appears in the Qa, Qb, Qc and Qd outputs by 
connecting Qa and T 2 and making Ti the input. Counting 
is performed when T t and T 2 change from high to low. 

The binary and octal counters can be reset simultane- 
ously by setting direct reset inputs R D1 or R D2 , high. 
For use as a counter, either Rdi or Rd2, or both, is set 
low. 

Also provided is the M74LS293P with the same func- 
tions and electrical characteristics. Its GND positioning at 
pin 7 enables easy mounting. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT T 2 -♦ IT 

DIRECT Rdi 
RESET 
INPUT 




U -*Qc 



Outline 14P4 NC : no connection 



BLOCK DIAGRAM 



CLOCK INPUT Tifft 



DIRECT RESET INPUTS 



CLOCK INPUT 



Qa 




Qb 



Qc 



Qd Vcc 
TiHD 



J 1 

T 

K Rp 



J 1 

K Rn 



Rd ' 

X 



K RpO 

zr 



-® 

GND 
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FUNCTION TABLE (NoteD 



T 


Rdi 


RD2 


Qa 


Qb 


Qc 


Qd 


X 


H 


H 


L 


L 


L 


L 


1 


L 


H 


Count 


1 


H 


L 


Count 


1 


L 


L 


Count 



Note 1 I : Transition from high to low 
X ' Irrelevant 



Count number 


Qa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 


10 


L ■ 


H 


L 


H 


11 


H 


H 


L 


H 


12 


L 


L 


H 


H 


13 


H 


L 


H 


H 


14 


L 


H 


H 


H 


15 


H 


H 


H 


H 



Valid when Q A and T 2 are connected and Ti is made the input 



ABSOLUTE MAXIMUM RATINGS (Ta = -20-+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5~ +7 


V 


Vi 


Input voltage 


Inputs T~j, T 2 


-0.5-4-5.5 


V 


Inputs Rdi, Rd2 


— 0.5—4-15 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75<C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


/M 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, V|=0.8V 
V| = 2V, Ioh=-400juA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75 V 

V| = 0.8V, V| = 2V 


IOL=4mA(Note2) 




0.25 


0.4 


V 


IOL = 8mA(Note2) 




0.35 


0.5 


V 


Iih 


High-level input current 


Rdi, RD2 


Vcc = 5.25V 
V| = 2.7V 






20 


/iA 


Tl.Tz 






40 


Ti, T~ 2 


Vcc = 5.25V, V| = 5.5V 






0.2 


mA 


RD1. RD2 


Vcc = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Rdi, Rd2 


Vcc=5.25V 
V| = 0.4V 






-0.4 


mA 


TT, 






-2.4 n 


r 2 






-1.6 


los 


Short-circuit output current (Note 3) 


Vcc=5.25V, V = OV 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5. 25 V (Note 4) 




9 


15 


mA 



* : All typical values are at V cc = 5V, Ta=25 C. 

Note 2: Testing of output Qa should be conducted with input T2 connected to output Qa 
Note 3: All measurements should be done quickly and not more than one output shoudl be shorted at a time. 
Note 4: Ice ' s measured with Tj andT2 at 0V after R Dl and Rrj 2 have been set to 0V from 4.5 V. 

SWITCHING CHARACTERISTICS (V C c = 5V,Ta = 25°C f unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


typ 


Max 


fmax 


Maximum clock frequency, from input T1 to output Qa 


C L =15pF (Note 5) 


32 


60 




MHz 


fmax 


Maximum clock frequency/from input T2 to output Qb 


16 


35 




MHz 


l PLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T1 to output Qa 




7 


16 


ns 


tpHL 




8 


18 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2to output Qb 




28 


70 


ns 


tpHL 




28 


70 


ns 


*PLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2to output Qc 




7 


16 


ns 


tpHL 




8 


21 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2to output Qd 




15 


32 


ns 


tpHL 




15 


35 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T1 to output Qd 




22 


51 


ns 


tpHL 




22 


51 


ns 


tpHL 


High-to-low-level output propagation time, from 
inputs Rdi, Rd2 to outputs Qa, Qb, Qc, Qd 




17 


40 


ns 



Note 5: Measurement circuit 



INPUT 
9 



Vcc 



50Q< 



:C L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = lMNz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3Vp. P ,Zo = 50a 

(2) Cl includes probe and jig capacitance 
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TIMING REQUIREMENTS (Vco = 5V,Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TTH) 


Clock input TT high pulse width 




15 


6 




ns 


tw(fjH) 


Clock inputT2 high pulse width 


30 


15 




ns 


tw(Ro) 


Direct reset Rdi, Rd 2 Pu| se width 


15 


5 




ns 


tr 


Clock pulse rise time 




500 


100 


ns 


tf 


Clock pulse fall time 




200 


100 


ns 


trec(Ro) 


Recovery time R D1 , R D2 to T^,T2 


25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



tw(T,..T 2 H) 



-Hl_J \ 



Oa. Qb. Qc. 0d 



\ 



tPHL 



tPLH 



RD1 . RD2 



T1.T2 



Qa, Qb, Qc, Qd 



tw(Ro) 



tPHL 



\ 



\ 



^ H t n 



/ 
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DESCRIPTION 

The M74LS95BP is a semiconductor integrated circuit 
containing a 4-bit serial/parallel input-serial/parallel output 
shift register function. 

FEATURES 

• Synchronous serial/parallel input-serial/parallel output 

• Right shift function 

• Left shift function available with external connection 

• Mode control input provided 

• Special right and left shift inputs provided 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is usable as a serial input-serial/parallel output 
and parallel input-serial/parallel output shift register with 
the mode control input M/C signal. When M/C is kept at 
low, the serial data are applied to serial data input Ds and 
the clock pulse is applied to right shift clock input Tr, the 
serial data are shifted sequentially into outputs Qo~Q3 in 
synchronization with the clock pulse. When M/C is kept at 
high, the parallel data are applied to parallel data inputs 
D ~D 3 and the 1-bit clock pulse is applied to left shift 
clock input Ti_, the signals D ~D 3 appear in outputs 
Qo~Q 3 respectively. When Tr and Tl change from high to 
low, the right shift or parallel data reading operation is 
performed. When M/C is kept in high, Q 3 is connected to 
D 2 ,Q2 to D x and Q x and D 0/ the serial data are applied to 
D 3 and the clock pulse is applied to Tl, the device 
functions as a left shift register. Care should be taken when 



PIN CONFIGURATION (TOP VIEW) 


SERIAL DATA n r— 
INPUT D S—H 


^ 




]4] Vcc 




1 


[do->|7 

Di~* IT 

PARALLEL J *— 

DATA INPUTS 1 _ r— 

U2— » |4 

[d 3 — [T 

MODE 
CONTROL M/C-*[6_ 
INPUT 

GND [7 




Ds 
Do Oo — 

Di Qi — 

D 2 02 — 

D3 Q3 

M/C ,_ 
Tl Tr f 


T3]->Qo 

To]-»Q3 

T] — Ti 


■ OUTPUTS 

RIGHT SHIFT 
CLOCK INPUT 




r *_ 




Tl«_=r LEFT SHIFT 
-2J ' L CLOCK INPUT 








Outline HP 4 







switching the M/C signal since the output changes in 
accordance with the status of Tr and Tl. Refer to the 
function table. 



BLOCK DIAGRAM 



f? 



RIGHT SHIFT _ 
CLOCK INPUT Tr(9 

LEFT SHIFT T\(8 
CLOCK INPUT 



MODE 
CONTROL M/C(6> 
INPUT 



Rt> 




o 



S 1 



L 



<lM2> 
D S Do 



SERIAL DATA^ 
INPUT 




-®- 

Di 



"©- 

D 2 



D3 



GND 



PARALLEL DATA INPUTS 
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FUNCTION TABLE (NoteD 



Operational mode 


M/C 


Tr" 


Tl 


Ds 


D ~D 3 


Oo 


0i 


Q 2 


Q 3 


Right shift 


L 


i 


X 


L 


X 


L 


0o° 


Oi° 


2 o 


L 


i 


X 


H 


X 


H 


0o° 


0i° 


Q 2 ° 


Parallel reading 


H 


X 


1 


X 


D ~D 3 


Do 


Di 


D 2 


D 3 


M/C switching 


1 


L 


L 


X, 


X 


0o° 


0i° 


2 ° 


03° 


T 


L 


L 


X 


X 


0o° 


0i° 


■q 2 o 


Q 3 ° 


i 


H 


L 


X 


X 


Qo° 


Qi° 


2 o 


Q 3 o 


' T 


H 


L 


X 


X 


* 


* 


* 


* 


1 


L 


H 


X 


X 


* 


* 


* 


* 


T 


L 


H 


X 


X 


Qo° 


0i° 


Q 2 ° 


3 o 


' 1 


H 


H 


X 


X 


* 


* 


* 


* 


T 


H 


H 


X 


X 


0o° 


0i° 


Q 2 ° 


Q 3 ° 



Note 1 . 1 : Transition from high to low (negative edge trigger) 
| : Transition from low to high (positive edge trigger) 

Q° '. Level of Q before the indicated steady-state input conditions were established 
* : Cannot be predicted 
X '• Irrelevant 

ABSOLUTE MAXIMUM RATINGS (T a =-20~-f 75°C, unless otherwise noted) } 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


/uA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a 



-20 f- 75°C , unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


v 


V H 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V 
V| = 2V, l O H=-400/iA 


' 2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V,V|=2V 


IOL=4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


M/C 


Vcc = 5.25V, V|=2.7V 






20 


mA 


M/C 






40 


M/C 


V C c = 5.25V, V|=10V 






0.1 


mA 


M/C 






0.2 


IlL 


Low-level input current 


M/C 


Vcc-5.25V, V|-0.4V 






-0.4 


mA 


M/C 






-0.8 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V o = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5. 25V (Note 3) 




13 


21 


mA 



* : All typical values are at Vcc=bV,Ta=25°C. 
Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 3: Ice is measured with D ~D 3 at OV, Ds open and M/C at 4,5V after Tr" and f[" have been set from 3V to 0V. 
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SWITCHING CHARACTERISTICS (Vcc-5V;T a = 25 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C|_=15pF (Note 4) 


. 25 


50 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Tr, T|_ to outputs Oo ~ 03 




14 


27 


ns 


tPHL 




14 


32 


ns 



Note 4: Measurement circuit 



Vcc 



( 


p 




f 


O 


PG 






DUT 








1 


7 


W 


w 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

Vp = 3Vp. P . Z o = 50ft. 

(2) Cl includes probe and jig capacitance 



TIMING 


REQUIREMENTS (v co =5v, T a = 25-c. 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input Thigh pulse width 




25 


8 




ns 


tf 


Clock input Tfalltime 




350 


100 


ns 


tSLI(D) 


Setup time Dto T 


20 







ns 


tsu(M/CL) 


Setup time M/C low to T 


20 


14 




ns 


tsu(M/CH) 


Setup time M/C high to T 


20 







ns 


th(D) 


Dhold time to T 


10 


2 




ns 


th (M/CL) 


Hold time M/C low to T 


10 


2 




ns 


th(M/CH) 


Hold time M/C high toT 


10 


-13 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



Do~D 3 



Tr. T L 



Qo~Q>3 



tsu(D) 



£l 



\-J 



th(D) 



tsu(D 



W 



V 



tw(T) 



"L 



JhCD) 



f 



tpLH 



M/C \ J r 



:l 



tsu(M/CL) 



^Udvl/CH) 



Tr 



h < ^ 



J(M/CH)/— ~\ 



mmnmm 

i.th I tsu(M«H.L- 



tsu(M/CL)y v th 



tsu(M/CL) 



tsu(M/CH) 

>t < > 



J 



) J \ th(M/CH) J \ 



D 
M/CH, L) 



Note 5: The shaded areas indicate when the input is permitted to change for predictable output performance. 
The arrows on the shaded areas indicate the direction for when the input is permitted to change. 
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DESCRIPTION 

The M74LS96P is a semiconductor integrated circuit 
containing a 5-bit serial/parallel input-serial/parallel output 
shift register function. 

FEATURES 

• Positive edge-triggering 

• Right shift function 

• Asynchronous parallel input provided 

• Direct reset input provided 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This 5-bit shift register is composed with 4 R-S-T flip-flops 
and it functions as a serial/parallel inpput-serial/parallel 
output shift register. 

For use as a serial input-serial/parallel output shift 
register, the load input LOAD or parallel data inputs 
Sdo~Sd4 are kept in high and the data are applied to the 
serial data input Ds. When a clock pulse is applied to clock 
input T with Ds in high, the high signal is shifted 
sequentially to Q , Qi ... Q4. Shifting is performed when T 
changes from low to high. When the serial data are applied 
to Dso~Sd4 and LOAD is set high, the Sdo~Sd4 signals 
appear in Q ~Q 4 respectively irrespective of T. 

When direct reset input Rd is set low, Q ~Q4 are set 
low if LOAD is low irrespective of the other input signals. 

When LOAD is high, parallel reading takes precedence, 
and the Sdo~Sd4 signals appear in Q ~Q 4 . 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT T — ► P" 
S D0 — |T 




LOAD |_OAD — P*" 
INPUT LUAU I— I 



~\J" 



T R D 
Sdo Qo 



l—i =-' DIRECT RESET 
16] ♦- Hd input 



15] — Qo 

13] -+Q2 
12] GND 

Tjj-Q3| 
.04 f 



0__ Dq SERIAL DATA 
s INPUT 



Outline 1.6P4 



BLOCK DIAGRAM 



LOAD INPUT LOAD ( 8 



SERIAL DATA INPUT 



d s (9>— ^°r{^ s S ° 1 ~ s S ° 1 



DIRECT RESET INPUT R D (16 
CLOCK .INPUT T G 




Rd 



R 

Rp 



R r, 

Rp 



Sdi 



R n 
Rp 



® ® 




Vcc 



R „ 
Rp 



•©- 



SD2 



SD3 



S D 4 gnd 
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FUNCTION TABLE <Note d 
SERIAL INPUT-PARALLEL OUTPUT 





tn 


tn + 1 


tn +2 


tn +3 


tn +4 


tn 4-5 


• tn +6 


Ds 


L 


H 


L 


H 


L 


H 


L 


Qo 


* 


L 


H 


L 


H 


L 


H 


Qi 


* 


* 


L 


H 


L 


H 


L 


Q 2 


* 


* 


* 


L 


H 


L 


H 


Q 3 


* 


* 


* 


* 


L 


H 


L 


Q4 


* 


* 


* 


* 


* 


L 


H 



Note 1 : For use as a serial input-parallel output, LOAD, S D0 , Sqi , Sd2. Sq3 and 
Sp4 are all kept at low and RD is kept at high, 
tn: Bit time prior to clock 
tn+1 : Bit time after application of 1 clock pulse 
tn+6: Bit time after application of 6 clock pulses 
* : Cannot be predicted 



PARALLEL INPUT-PARALLEL OUTPUT 



LOAD 


Sd(N) 


Rd 


Q(N) 


L 


L 


L 


L 


L 


L 


H 


Q° 


L 


H 


L 


L 


L 


H 


H 


Q° 


H 


L 


L 


L 


H 


L 


H 


Q° 


H 


H 


L 


H 


H 


H 


H 


H 



Note 2: For use as a parallel input-parallel output, Rq is first set low and kept at high. 
The parallel input data are input into Sdo~Sd4. 

The data are read when LOAD is high and they simultaneously appear in the 
outputs. R D is usually kept at high and LOAD at low. 
The "N" in Sqin) refers to 0, 1 , 2, 3, 4. 

Q° is the level of Q before the indicated steady-state input conditions were 
established. 



OPERATION TIMING DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level output 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°C 


Tstg 


Storage temperature 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ + 75°C. unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


MA 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~-t-75°C, unless otherwise noted) 



* : All typical values are at Vcc=5V,Ta=25 C. 

Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 4: Ice. is measured with Rp at OV and all the other inputs at 4.5V. 

SWITCHING CHARACTERISTICS (V C C = 5V Ta = 25°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V, V|=0.8V 
V|=2V, l O H=-400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 
V|=0.8V, V| =2V 


l0L=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


LOAD 


Vcc=5.25V 
V|=2.7V 






100 


U& 


Other inputs 






20 


LOAD 


V C c=5.25V 
V| = 10V 






0.5 


mA 


Other inputs 






0.1 


IlL 


Low-level input current 


LOAD 


V CC = 5.25V 
V|=0.4V 






-2.0 


mA 


Other inputs 






-0.4 


los 


Short-circuit output current (Note 3) 


V C C=5.25V, V = V 


-20 




-100 


mA 


lec 


Supply current 


V C c=5.25V (Note 4) 




12 


20 


mA 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Ci_=15pF (Note 5) 


25 


45 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qrj — Q4 




12 


40 


ns 


tpHL 




12 


40 


ns 


tPLH 


Low-to-high-level output propagation time, from input 
So, LOAD to outputs Q0 — O4 




11 


35 


ns 


tpHL 


High-to-low-level output propagation time, from input 
R^ to outputs Qo~ O4 




11 


35 


ns 
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Note 5: Measurement circuit 



INPUT Vcc OUTPUT 





c 


p 




\ 


C 






DUT 




PG 












50 Q^ 


n 


T 


77 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

V P = 3Vp.p,Z o = 50n. 

(2) Cl includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (vcc=5v, Ta = 25°c. 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input T pulse width 




20 


5 




ns 


tw(s D ) 


Parallel data input pulse width 


30 


5 




ns 


tw(R5) 


Direct reset pulse width 


30 


5 




ns 


tsu(Ds) 


Setup time Ds to T 


30 


3 




ns 


th(Ds) 


Hold time DstoT 


5 


-1 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



tsU(Ds) th(Ds) tsu(D s ),th(D s ) 

— H « H h* H * > 




Qo~Qa 



^ 



tD r ~^j f 



I 



tpLH 




Sdo ~Sd4 



/. tw(SD) X 



Qo~Qa 



J 



tpLH 



\t*^ 



tpHL 



Note 6: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 
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DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOPS WITH RESET 



DESCRIPTION 

The M74LS107AP is a semiconductor integrated circuit 
containing 2 J-K negative edge-triggered flip-flop circuits 
with discrete terminals for clock input T, J and K inputs 
and direct reset input R D . 

FEATURES 

• Negative edge-triggering 

• Independent input/output terminals for each flip-flop. 

• Direct reset input 

• Q and Q outputs 

• Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

J and K signals are read when T is "H". When T changes 
from "H" to "L", Q and Q transit with the J and K 
signals to the states described in the function table. By 
setting R D in "L" state, Q and Q become "L" and "H", 
respectively, irrespective of the states of the other input 
signals. For use as a J-K flio-flop, keep R^ in the "H" state. 
M74LS107AP is the same as M74LS73AP except for pin 
configuration. 



PIN CONFIGURATION (TOP VIEW) 



INPUT 1J _+ H" 



1Q <- [T 

INPUT 1K _► [J 
2Q «- {£ 
2Q *- [7 
GND \T 



"\J" 



o Rd k|-4i 

T 
1 J]-l 



1 J 
T 
R D K 



T 



14 



Vcc 



IRd 



HI "~~ '" u RESET INPUT 
TF| *— 1T CLOCK INPUT 
TT] «•— 2K INPUT 

Tnl ♦- ?rT direct 

JUJ *~ ^h D RESET INPUT 
T| «— 2T CLOCK INPUT 
T] «- 2J INPUT 



Outline 14P4 



FUNCTION TABLE (Noten 






T 


Rd 


J 


K 


Q 


Q 


X 


L 


X 


X 


L 


H 


I 


H 


H 


H 


Toggle 


i 


H 


.L 


H 


L 


H 


i 


H 


H 


L 


H 


L 


i 


H 


L 


L' 


QO 


QO 


H 


H 


X 


X 


Q° 


Q"° 



Notel: I : transition from high to low-level 
X I irrelevant 
Q° I level of Q before the indicated steady-state input conditions were 

established. 
Qfl : level of Q before the indicated steady-state input conditions were 

established. 
Toggle I complement of previous state with 4- transition of outputs 



BLOCK DIAGRAM (EACH FLIP-FLOP) 



OUTPUT QQ- 



DIRECT RESET INPUT RdO" 




INPUT KO- 



s= 



x: 




^ 



-OQ OUTPUT 



-OJ INPUT 



^"^ 



CLOCK INPUT 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75'C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS da 



- 20 — + 75 °C , unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V OH ^2.7V 







-400 


-"A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V OL ^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a 



-20- — H75°C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V| = 0.8V " 
V| = 2V , Ioh=-400a/A 


2.7 


3.4 




V 


Vol 


Low-level output current 


Vcc = 4.75V 

V| = 0.8V, V| = 2V 


| 0L = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


•ih 


High-level input current 


J. K 


Vcc = 5. 25V 
V| = 2.7V 






20 


M A 


Rd 






60 


T 






80 


J, K 


V C C = 5.25V 
V|=10V 






0. 1 


mA 


Rd 






0.3 


T 






0.4 


IlL 


Low-level input current 


J. K 


Vcc = 5.25V 
V| = 0.4V 






-0.4 


mA 


Rd T 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V. V O =0V 


-20 




-100 


mA 


ice 


Supply current 


Vcc = 5. 25V (Note 3) 




4 


6 


mA 



* : All typical values are at Vcc = 5V, Ta = 25° C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 2: Ice is measured with Q and Q outputs high in turn. At the time of measurement, T input is grounded. 



SWITCHING CHARACTERISTICS (V C C = 5V, Ta = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C|_=15pF (Note 4) 


30 


45 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to output Q, Q 




8 


20 


ns 


tPHL 




6 


20 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input Rq to output Q, Q 




10 


20 


ns 


tPHL 




7 


20 


ns 
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Note 4: Measurement circuit 1 





c 


p 




\ 









DUT 




PG 












50 Q<E 


7, 


T 


777 



=F°L 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns» t w = 500ns, 

V P = 3V P .p,Z o = 50n 

(2) C L includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (v cc =5v,Ta=25°c 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


12 




ns 


tw(Ro) 


Direct reset input Rp pulse width 


25 


A 




ns 


tr 


Clock rise time 




650 


100 


ns 


tf 


Clock pulse fall time 




900 


100 


ns 


tsU(H) 


Setup time high J , K to T 


20 


9 




ns 


tsU(L) 


Setup time low J, K to T 


20 


10 




ns 


l h(H) 


Hold time high J, K to T 





- 8 




ns 


th(D 


Hold time low J, K toT 





- 5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tsU(L) th(l_) tsU(H) th(H) 



I 



\ C~\ 



1 



T 



7x 

LPHI 



L tw(TL) 



tPLH 



\ 






v_ 



tw(RD) 



J 



tpHl ^ 



Note 5: The shaded areas indicate when the input is permitted to change for predictable output performance. 



APPLICATION EXAMPLE 
2bit shift register 



^M74LS04P 



CLOCK INPUT 



DIRECT RESET 
INPUT 




^M74LS107AP 



DATA INPUT 
CLOCK INPUT 

Qo 
Qi 



i_n_n_rL_ 

"i i — L_ 



^M74LS107AP 



Note 6: Output switching characteristics may not satisfy the ratings if the 
clock signal is applied without observing the set-up time. 
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DUAL J-K POSITIVE EDGE-TRIGGERED FLIP FLOP WITH SET AND RESET 



DESCRIPTION 

The M74LS109AP is a semiconductor integrated circuit 
containing 2 J-K positive edge-triggered flip-flop circuits 
with discrete terminals for clock input T, inputs J and 1<, 
and direct set and reset inputs Sp and Rp . 

FEATURES 

• Positive edge-triggering 

• Each flip-flop can be used independently 

• Direct set and reset inputs 

• J and K inputs 

• Q and Q outputs 

• Wide operating temperature range (T a = -20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When T changes from low to high, the J and K~ signals 
immediately before the change emerge in outputs Q and Q 
in accordance with the function table. By using Sp and Rp, 
this IC can be made into a direct R-S flip-flop. When both 
Sq and Rp are low, Q = Q = high. However, when both of 
them change to high at the same time, the status of Q and 
Q cannot be anticipated. For use as a J-K flip-flop, Sq and 
Rd must be kept in high. By connecting J and "K, this IC 
can be used as a D-type flip-flop. 



FUNCTION TABLE (Note D 



S D 


Rd 


T 


J 


K 





Q 


L 


H 


X 


X 


X 


H 


L 


H 


L 


X 


X 


X 


L 


H 


L 


L 


X 


X 


X 


H* 


H* 


H 


H 


L 


X 


X 


Q° 


QO 


H 


H 


T 


L 


L 


L 


H 


•H 


H 


T 


H 


L 


Toggle 


H 


H 


T ■ 


L 


H 


QO 


0° 


H 


H 


t 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



DIRECT 

RESET 1R D — IT 

INPUT ' — ' 



OUTPUTS 




■\^~ 



T§] vcc 

DIRECT 

Hi *- 2R 5 ^ T T 




■ 2T CLOCK INPUT 



i — . _ DIRECT 

JJJ *~ 2S D .SET INPUT 



To] — 2Q 

T| — 2Q 



OUTPUTS 



Outline 16P4 



LOGIC DIAGRAM (EACH FLIP-FLOP) 




INPUT J ( 

DIRECT 
RESET — q 
INPUT R D 



T )'• Transition from low to high-level (positive edge trigger) 
Q° : Level of Q before the indicated steady-state input conditions were 

established. 
Q ° ". Level of Q before the indicated steady-state input conditions were established. 
Toggle •' complement of previous state with t transition of output 
X .' Irrelevant 

* • Q = Q = high when Sq = Rp = low and so when both Sq and Rp are 
set high, the status of Q and Q cannot be anticipated. 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~ + 75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5-+5.5 


V 


v 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


T stg 


Storage temperature range 




-65~ + 150 


°c 
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RECOMMEIMDED OPERATING CONDITIONS (Ta = -20~+751C, unlessotherwisenoted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


U A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~ + 75°C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 


, 






0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, he = -18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2 V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V|= 2 V 


loi_= 4 mA 




0.25 


0.4 


v 


Iol— 8 mA 




0.35 


0.5 


V 


Iih 


High-level input current 


J. K, T 

Sd, Rd 


Vcc = 5.25V, Vi =2.7V 






20 


MA 






40 


J, K. T 


Vcc = 5.25V, Vi =10V 






0.1 


mA 


Sd, Rd 






0.2 


IlL 


Low-level input current 


J, K, T 


Vcc = 5.25V, Vi = 0.4V 






-0.4 


mA 


Sd, Rd 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc = 5. 25V, V = V' 


-20 




-100 


mA 


ice 


Supply current 


Vcc = 5. 25V, (Note 3) 




4 


8 


mA 



* : All typical values are at Vcc= 5 V, Ta = 25 "C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: The supply current should be measured with Q and Q alternately set high and with T set low during actual measurement. 

SWITCHING CHARACTERISTICS (V C C= 5 V, Ta = 25t:, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


f max 


Maximum clock frequency 


Ci_ = 15pF (Note 4) 


25 


45 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to Q, Q 




10 


25 


ns 


tPHL 




12 


40 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from Sq, R~D to Q, q" 




11 


25 


ns 


tPHL 




10 


40 


ns 



Note 3: Measurement circuit 



Vcc 





c 


p 


I 


f 


. O 






DUT 




PG 












50 oi 


' 77 


r 


777 



:£Cl 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

V P =3Vp. P ,Z o = 50n. 

(2) Cl includes probe and jig capacitance. 
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TIMING 


REQUIREMENTS (v cc = 5v, T a = 2 5°c 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




25 


11 




ns 


tw(SD.RD) 


Direct set, reset pulse width 


25 


4 




ns 


tsu(H) 


Setup time high to T 


20 


19 




ns 


tsU(L) 


Setup time low to T 


20 


7 




ns 


th(H) 


Hold time high to T 


5 


-2 




ns 


th(L) 


Hold time low to T 


5 


-16 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

t S u(L)th(L) tsu(H)th(H) 



■■M 



mm 



tPHL 



/ 



tPLH 



^ 



f 



tPLH 



V 



tPHL 



S D 



Rd 




tw(SD) 



/ 



\ 



tPHL 



tw( Rd ) 






tPLH 



Note 4: The shaded areas indicate when the input is permitted to change for pre- 
dictable output performance. 

APPLICATION EXAMPLE 

Typical circuit for converting asynchronous signal into synchronous signal and rise/fall differential circuit 



TO 



J 1 
K 



/ 



J 1 
K 




Y 2 



Switching period 



Switching period 



Synchronous signal A 



Sycnronous signal B 
(after clock from A) 



Rise differential signal 
Yi 




Fall differential signal 
Y 2 



Note 5: The waveforms indicated by the dotted lines apply when reading with the next clock without observing the set-up time to T. 
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DESCRIPTION 

The M74LS112AP is a semiconductor integrated circuit 
containing 2 J-K negative edge-triggered flip-flop circuits 
with discrete terminals for clock input T, J and K inputs 
and direct set and reset inputs So and Rd- 

FEATURES 

• Negative edge-triggering 

• Independent input/output terminals for each flip-flop. 

• Direct set and reset inputs \ 

• Q and Q outputs 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

J and K signals of are read, while T is high. When T 
changes from high to low, the signals of J and K 
immediately before the change appear in outputs Q and Q 
in accordance with the function table. By using S D and R D/ 
this IC can be made into an direct R-S flip-flop. When 
both S D and R D are low, Q = Q = high. However, when 
both of them changed to high at the same time, the status 
of Q and Q cannot be anticipated. For use as a J-K flip-flop, 
keep Sp and R^ high. M74LS112AP is the same as 
M74LS76AP except for pin configuration. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT 1T -♦ QV 

1K -> [7 

INPUTS 



, DIRECT 
SET INPUT 



"V>T" 




T] -► 20 OUTPUT 



Outline 16P4 



FUNCTION TABLE 


(Notel) 








T 


So" 


Rd 


J 


K 


Q 


"0 


X 


L 


H 


X 


X 


H 


L 


X 


H 


L 


X 


. X 


L 


H 


X 


L 


L 


X 


X 


H* 


H* 


i 


H 


H 


H 


H 


Toggle 


i 


H 


H 


L 


H 


L 


H 


i 


H 


H 


H 


L 


H 


L 


i 


H 


H 


L 


L 


Q° 


Q° 


H 


H 


H 


X 


X 


Q° 


Q 5 



: J, : transition from high to low-level 
X : irrelevant 
* • Q = Q = high when So = Rq = low and so when both Sp and Rq are 

set high, the status of Q and Q cannot be anticipated. 
Q° : level of Q before the indicated steady-state input conditions were established. 
QO '. level of Q before the indicated steady-state input conditions were established. 
Toggle : complement of previous state with \ transition of outputs 



BLOCK DIAGRAM (EACH FLIP FLOP) 






S L 


X 


-J N 




■of 








{> b-> 












DIRECT ^q 


^^ 














r>x > 


n — DIRECT 


^__F 














A-J^ 


RESET INPUT H L>^ 










X 










u ^ u SET INPUT 






























x 














±D>— 








-^T^= 




INPUT KO 


r— 








V_E= 


OJ INPUT 






1 

T . 
CLOCK INPUT 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20-4-75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




- 65 - 4- 1 50 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20-4-75°C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


■oh 


High-level output current 


V H^2.7V 







-400 


-"A 


lOL 


Low-level output current 


V L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20-4-75°C, unless otherwise noted) 



* : All typical values are at Vcc = 5 V, Ta = 25 C. 
Note 2: Sq and Rp should not both be set to 0.4V simultaneously. 

Note 3: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 4: Ice is measured with the and outputs high in turn. At the time of measurement, T input is grounded. 



SWITCHING CHARACTERISTICS (V CC =5V, T a =25°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V. l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V| = 2V. Ioh=-400/M 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 

V| = 0.8V. V|=2V 


Iol =4mA 




0.25 


0.4 


V 


Iql ^SmA 




0.35 


0.5 


V 


llH 


High-level input current 


J.K 


V C c=5.25V. V|-2.7V 






20 


/iA 


So, Rd 






60 


T 






80 


J.K 


Vcc = 5.25V. V|=10V 






0.1 


mA 


Sd. Rd 






0.3 


T 






0.4 


IlL 


Low-level input current 


J.K 


V C c=5.25V. V|=0.4V 






-0.4 


mA 


SB. R"d T 






-0.8 


'os 


Short-circuit output current (Note 3) 


Vcc=5.25V. V o = 0V 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 4) 




4 


6 


mA 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 5) 


30 


45 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time from input T to output Q, Q 




6 


20 


ns 


tPHL 




7 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-level' output propagation 
time, from input Sp, Rd to output Q, Q 




7 


20 


ns 


tPHL 




7 


20 


ns 
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Note 4: Measurement circuit 



Vcc 



PG 



OUTPUT 




50fi; 



17T 



=bc L 



w 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp=3V P .p, z = 5on 

(2) Cl includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (v cc =5V, T a = 25°c 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


12 




ns 


tw(Sb.R^) 


Direct set and reset inputs Sq, Rq pulse width 


25 


4 




ns 


tr 


Clock rise time 




650 


100 


ns 


tf 


Clock pulse fall time 




900 


100 


ns 


tsU(H) 


Setup time high J , K to T 


20 


12 




ns 


tsu(L) 


Setup time low J , K to T 


20 


12 




ns 


th(H) 


Hold time high J , K to T 





-10 




ns 


th(L) 


Hold time low J , K toT 





- 6 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



tsu(L) th( L ) ' t SU (H) th(H) 



J, K 



i. 



It 



I 



7\ 

tPHL 



tw(TH) 



"L 



tPLH 



tPLH 



S D 

R^ 
Q 



tPHL 



Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



1. 



^(Sp) 



tPLH 



tPHL 



y 



twCRB) 



/ 



tPHL 



i 



tPLH 
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DESCRIPTION 

The M74LS113AP is a semiconductor integrated circuit 
containing 2 J-K negative edge-triggered flip-flop circuits 
with discrete terminals for clock input T, inputs J and K 
and direct set input Sq. 

FEATURES 

• Negative edge-triggering 

• Each flip-flop can be used independently 

• Direct set input 

• Q and Q outputs 

• Wide operating temperature range (T a = -20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

While T is high, signals J and K are put in the read-in state, 
and when T changes from high to low, the J and K signals 
immediately before the change emerge in outputs Q and Q 
in accordance with the function table. By setting So low, Q 
and Q are set low and high respectively irrespective of the 
status of the other input signals. For use as a J-K flip-flop, 
Sp must be kept high. 

The only difference in functions from M74LS1 12AP is that 
this IC has no RD input. 



PIN CONFIGURATION (TOP VIEW) 



1T" 



H 

1K-* [7 

u -* U 

SET ISd-^LL 
INPUT 

[iQ-d 
OUTPUTS j 

1 10"— CE 



CLOCK 
INPUT 

INPUTS 

DIRECT 



GND 



II 




Outline 14P4 



FUNCTION TABLE (Noten 



T 


sB 


J 


K 








X 


L 


X 


X 


H 


L 


1 


H 


H 


H 


Toggle 


. 1 


H 


L 


H 


L 


H 


I 


H 


H 


L 


H 


L 


i 


H 


L 


L 


0° 


Q0 


H 


H 


X 


X 


Q° 


Q0 



1 : Transition from high. to low-level (negative edge trigger) 

X '• Irrelevant 

0° : level of Q before the indicated steady-state input conditions were established. 

Q0 : level of Q before the indicated steady-state input conditions were established. 

Toggle '. complement of previous state with I transition of outputs 



BLOCK DIAGRAM (EACH FLIP-FLOP) 
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ABSOLUTE MAXIMUM RATINGS(Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5 — h15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V OH ^2.7V 







-400 


M A 


IOL 


Low-level output current 


VoL^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75 <, C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V. l| = -18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V| = 2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 

V| = 0.8V. V| = 2V 


loL=4mA 




0.25 


0.4 


V 


loL=8mA 




0.35 


0.5 


V 


llH 


High-level input current 


J,K 


V C c = 5.25V, V| = 2.7V 






20 


mA 


Sd" 






60 


T 






80 


J,K 


Voc='5.25V. V|=10V 






0.1 


mA 


sb" 






0.3 


T 






0.4 


IlL 


Low-level input current 


J.K 


Vcc = 5.25V. V|-0.4V 






-0.4 


mA 


Sd T 






-0.8 


'os 


Short-circuit output current (Note 2) 


V C c = 5.25V. V o = 0V 


-20 




-100 


mA 


Ice 


Supply current 


V C C = 5.25V(Note3) 




4 


6 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Supply current measurements should be done with Q and Q set alternately high and T should be set low during actual measurement. 

SWITCHING CHARACTERISTICS (Vcc=5V,T a = 25 C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF 
(Note 4) 


30 


45 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to , Q 




8 


20 ' 


ns 


tpHL 




7 


20 


ns 


tPLH 


Low- to-high-level, high-to-low-level output propagation 
time, from So to , 




8 


20 


ns 


tPHL 




7 


20 


ns 
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Note 4: Measurement circuit 

INPUT 
p 



PG 



50Q- 



Vcc 



OUTPUT 
O 



4=C L 



W 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

. V P =3Vp.p,Zo = 50ft. 

(2) Cl includes probe and jig capacitance. 



TIMING REQUIREMENTS (v C c=5v, T a =25*c 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


13 




ns 


tw(So) 


Direct set pulse width 


25 


10 




ns 


tr 


Clock rise time 




650 


100. 


ns 


tf 


Clock fall time 




900 


100 


ns 


tsU(H) 


Setup time high J , K to T 


20 


9 




ns 


tsu(L) 


Setup time low J , K to T 


20 


12 




ns 


th(H) 


Hold time high J , K to T 





-10 




ns 


th(L) 


Hold time low J , K to T 


o ] 


-5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu(L) th(L) tsu(H) th(H) 



J, K 



1_ 



MEM 



u 



r^-, 



tw(TL) . L tw(TH) 



"L 



tpHL 



ms 



tPHL 



5 lJ 



tPLH 



\ 



tPHL 



Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 
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DESCRIPTION 

The M74LS114AP is a semiconductor integrated circuit 
containing 2 J-K flip-flop circuits with common terminals 
for clock input T and direct reset input Rd and discrete 
terminals for inputs J and K and direct set inputs Sd~. 

FEATURES 

• Negative edge-triggering 

• Common clock input and direct reset input 

• Discrete direct set input 

• Q and Q outputs 

• Wide operating temperature range (T a = -20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

While T is high, signals J and K are put in the read-in state, 
and when T changes from high to low, the J and K signals 
immediately before the change emerge in outputs Q and Q 
in accordance with the function table. By using Sd~ and Rd 
this IC can be made into a direct R-S clip-flop. When both 
Sd and Rd are low, Q = Q = high. However, when both of 
them change to high at the same time, the status of Q and 
Q cannot be anticipated. For use as a J-K flip-flop, Sd and 
Rd must be kept in high. 



PIN CONFIGURATION (TOP VIEW) 



DIRECT __ _, 
RESET R D — FT- 

IMPI IT *— 



DIRECT SET ! §B — * |f 

IMPI IT • 



"V>T- 




M] Vcc 

1|] «— T CLOCK INPUT 
12]— 2K' 



I— _ DIRECT 

10] *-2Sd RESET 
*~~^ INPUT 



Outline 14P4 



FUNCTION TABLE 


(Note 1) 








T 


sB 


Rd 


J 


K 





0" 


X 


L 


H 


X 


X 


H 


L 


X 


H 


L 


X 


X 


L 


H 


X 


L 


L 


X 


X 


H* 


H* 


i 


H 


H 


H 


H 


Toggle 


i 


H 


H 


L 


H 


L 


H 


I 


H 


H 


H 


L 


H 


L 


i 


H 


H 


L 


. L 


QO 


0° 



Note 1 1 .' Transition from high to low-level (negative edge trigger) 
X '. Irrelevant 
* • Q = Q = high when Sp = Rd = ' ow anc ' so when both Sp and Rq are 

set high, the status of Q and Q cannot be anticipated. 
Q° : Status of output before I change. 
QO : level of Q before the indicated steady-state input conditions were 

established. 
Toggle '• complement of previous state with I transition of outputs 



BLOCK DIAGRAM (EACH FLIP-FLOP) 
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4rv- 








cTl 


J 






H— -^ 








vJ 


h 


OJ INPUT 






I . 








■A " 

T 
CLOCK INPUT 


- 





2-124 



A MITSUBISHI 
I 



l ELECTRIC 



MITSUBISHI LSTTLs 

M74LS114AP 

DUAL J-K NEGATIVE EDGE-TRIGGERED FLIP FLOP WITH SET, 

COMMON RESET, AND COMMON CLOCK 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~4-75'C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


V 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~4-75°C. unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


Voh^2.7V 







-400 


//A 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~4-75°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V. || C =-l8mA 






-1.5 


V 


Voh 


High-level output voltage 


V C C = 4.75V, V|=0.8V 
V| = 2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V, V| = 2V 


Iol — 4mA 




0.25 


0.4 


V 


l0L = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


J,K 


Vcc = 5.25V, V|=2.7V 






20 


^A 


Sd~ 






60 


Rd 






120 


T 






160 


J,K 


V C c=5.25V, V|=10V 






0.1 


mA 


So 






0.3 


Rd 






0.6 


T 






0.8 


Iil 


Low-level input current 


J,K 


V C c = 5.25V. V|=0.4V (Note 2) 






-0.4 


mA 


Sd" 






-0.8 


Rd T 






-1.6 


'os 


Short-circuit output current (Note 3) 


V C c = 5.25V, V o =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 4) 




4 


6 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 
Note 2: Sp and Rd should not both be set to 0.4V simultaneously. 

Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 4: Supply current measurements should be done with Q and Q set alternately high and T should be set low during actual measurement. 

SWITCHING CHARACTERISTICS (Vcc = 5V,T a = 25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Ci_=15pF (Note 4) 


30 


45 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to Q , Q 




7 


20 


ns 


tPHL 




7 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-levej output propagation 
time, from Sp, Rd to Q, Q 




8 


20 


ns 


tPHL 




7 


20 


ns 
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Note 4: Measurement circuit 



PG 



50Q- 



Vcc 



^Cl 



itr 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3V P .p,Z o = 50n. . 

(2) C|_ includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (v cc =5v, T a =25°c, 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Type 


Max 


tw(TH) 


Clock input T high pulse width 




20 


12 




ns 


tw(S^.RB) 


Direct set, reset pulse width 


25 


4 




ns 


tr 


Clock rise time 




650 


100 


ns 


tf 


Clock fall time 




900 


100 


. ns 


tsu(H) 


Setup time high J, K toT 


20 


11 




ns 


tsu(D 


Setup time low J, K to T 


20 


13 




ns 


th(H) 


Hold time high J, K to T 





-11 




ns 


th(L) 


Hold time low J, K to T 





- 6 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu(L) th(L) tsu(H) th(H) 



«m 



\ f-\ 



um 



tw(TL) 



tw(TH) 



tp.LH 



fa 



S D 



Rd 



1- 



tPLH 



tPHL 



tw(s D ) 



/ 



/" 



tPLH 



tPHL 



Note 5: The shaded areas indicate when the input is permitted to change for pre- 
dictable output performance. 



1. 



tw(R D ) 
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DESCRIPTION 

The M74LS122P is a semiconductor integrated circuit 
containing a retriggerable monostable multivibrator circuits 
with a direct reset input. 

FEATURES 

• Long pulse widths can be generated using the retrigger- 
able function. 

• Output pulses can be stopped at any time with direct 
reset inputs. 

• A, B complementary inputs provided. 

• High breakdown input voltage (V| ^ 1 5V) 

• Q and Q outputs provided 

• Wide operating temperature range (T a = -20 ~ +75°C) 

• Internal timing resistance provided (R| = 10k£2) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

As shown in Fig. 1, the timing pins Re/C e and C E are 
connected to the external resistance R T and static capac- 
itance C T , and when a triggering pulse is applied to inputs 
A^ , A^ and Bi or B 2/ a positive pulse appears at output Q, 
with a negative pulse appearing at Q. When the internal 
timing resistance is used (Fig. 2 (a)), the static capacitance 
C T is connected to the C E and Re/Ce P ms - Thus, connect- 
ing the R| and V cc pins causes the device to function as a 
monostable multivibrator and eliminates the need for an 
external resistance. The width of the pulse (t w ) appearing 
at output can be controlled by the values for R T and C T . 
(When the internal timing resistance is used, the setting is 
made with C T ). The trigger is affected by A! or A 2 switch- 



PIN CONFIGURATION (TOP VIEW) 




Vcc 

R E /C E timing pin 

NC 

Ce timing pin 

NC 

R| TIMING PIN 



7|— Q 



Outline 14P4 



Rl=10kQ 
NC: NO CONNECTION 



ing from high to low-level, or by B x or B 2 switching from 
low to high. 

The retriggering function is used when a wide output 
pulse width is desired. It is obtained by triggering A x or 
A 2 , or Bi or B 2 prior to the pulse being fully output, thus 
extending its length (See Fig. 2 (b)). 

Dropping the direct reset input R^ to low-level im- 
mediately causes Q to go low-level and' Q to be set high, 
regardless of the present output status. This allows the R^" 
signal to be used to shorten the output pulse width to the 
desired length (See Fig. 2 (c)). A precaution worth noting 
is that when A 2 or A 2 is low-level and Bi = B 2 = high, and 
R D is switched from low to high-level, the trigger will be 
activated changing the status of Q and Q. 



BLOCK DIAGRAM (Monostable multivibrator) 



TIMING PINS 



DIRECT 
RESET R D (T 
INPUT 




OUTPUTS 



GND 
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TIMING PIN EQUIVALENT CIRCUIT 



Re/Ce, Ce 



■*- 



-£ 



Re/Ce 

-^ u 




< 



r 



1.25kf 



FUNCTION TABLE 


(Note 1) 








Rd 


Ai 


Ai 


Bi 


B2 


Q 


Q 


L 


X 
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X 


L 


H 
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H 


H 
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X 


L 
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X 
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L 
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X 
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_TL 
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_TL 
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H 


X 
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H 
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L , 
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T 


_TL 


i_r 


H 


H 


1 ; 
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H 


_TL 


~LT 
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1 
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H. 
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_TL 


IS 
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H 


H 


H 


_TL 
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X 


H 


H 


_TL 


IS 
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L 
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H 


_TL 
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Note 1. t • Transition from low to high (positive edge trigger) 

i '. Transition from high to low (negative edge trigger) 

-TL : Positive-going one-shot trigger 

"LT : Negative-going one-shot trigger 

X ! Irrelevant 

OPERATIONAL DESCRIPTION 

1. Using the timing pins 

Figure 1 shows the timing pins R E /C E and C E con- 
nected to the external resistance R T and static capacitance 
C T respectively. An alternate method to connecting R T is 
to connect the R, and V cc Pins together. When a electro- 
lytic capacitor is used as C T , connect R E /C E to the positive 
(+) side and C E to the negative (-) side. In this case, the 
device functions as a TTL IC, and eliminates the require- 
ment for a switching diode. Where noise causes operational 
problems, connect the C E pin to GND (located near the 7 
pin) as shown by the dashed line in the diagram. 

9 Vcc 



2. Output Pulse Width t w 

Output pulse width t w is set by the values of R T and C T 
as shown below. When R| is used, R T should equal 10k£2. 
2-1. When C T > 1000pF, t w = K-R T - C T - (1 ±0.1)(ns). 
For the value for K, also refer to Typical Charac- 
teristics, K - C T characteristics. (The value for R T 
does not affect K.) 

Units for R T and C T are k!2 and pF respectively. 
2-2. When C T < 1000pF, refer to the output pulse width 
vs. C T , R T shown in the Typical Characteristics sec- 
tion in back of this specification sheet. 

3. Controlling Output Pulse Width 

The width of the output pulse can be controlled using 

three methods, based on the presence or absence of the 

trigger signal and R D signal. 

3-1. Used as conventional device 

Figure 2(a) shows the device used in the normal 
monostable multivibrator mode. Here, output pulse 
width t w is set using the equations and diagram 
shown in the above section. 

3-2. Extending the width of the output pulse by retrig- 
gering 

Figure 2(b) shows that the output pulse can be ex- 
tended to any width desired by triggering again 
before the pulse is fully output. 

3-3. Shortening the width of the output pulse by signal 
R^ _ 

Figure 2(c) shows that the R D signal can be used to 
terminate the output pulse initiated by the trigger. 
The output pulse can be shortened to any width 
desired. 



J 

J 



(a) Used as conventional device 









RETRIGGER 
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tw + tpLH 
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~~ 



(b) Total output pulse width using retriggering method 



_R 



V 

GND LINE 



rt: 



Fig. 1 



~~ t 

TO C E PIN TO R E /C E PIN 

Connecting External Resistance R T and Static 
Capacitance Cj to Timing Pins Re/Ce and Ce 



AMOUNT OF 
DECREASE DUE 
TO R D PULSE 



(c) Shortening the output pulse width using the R D signal 

Fig. 2 Output Pulse Width Control 
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4. Precautions 

4-1. The retriggering pulse should follow the trigger by 
0.22C T (ns), where the unit for C T is picofarads. 
During this interval, the retriggering pulse will be in- 
effective. 

4-2. The wiring used to connect the external C T and R T 
should be shielded from noise, and be as short as 
possible (less than 3cm) to minimize line capacitance 
and noise-induced errors. 

4-3. Use a capacitor with good high-frequency charac- 
teristics and a value of 0.01 to 0.1//F to connect 
V cc and GND. 

4-4. Note that an output pulse will be produced when the 
power to the device is turned on. 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75 o C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


V 


Output voltage 


High-level state 


-0.5~V CC 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V0H^2.7V 







-400 


A/A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 


Rt 


External timing resistance 


5 




260 


kQ 


Ct 


External timing capacitance 


No limits 


Cr 


R e /Ce pin line capacitance 






50 


pF 



ELECTRICAL CHARACTERISTICS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


VlH 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


VCC = 4.75V, hc=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, Vi = 0.8V 
Vi = 2V,Ioh=-400a/A 


2.7 


3.5 




V 


Vol 


Low-level output voltage ' 


VCC = 4.75V 

Vi = 0.8V, V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V| = 2.7V 






20 


A/A 


Vcc = 5.25V, Vi=10V 






0.1 


mA 


IlL 


Low-level input current 


VCC = 5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current 


VCC = 5.25V, Vo = 0V 


-20 




-100 


mA 


ice 


Supply current 


Vcc = 5. 25V (Note 2) 




6 


11 


mA 



* : All typical values are at V C c = 5V, T a =25°C. 

Note 2. Ice is measured with Re/Ce, Ce open. 4.5V is applied to Rq, Ai , A 2 , B, and B 2 , with the measurement taken after A, and A 2 are momentarily 
dropped to OV, then raised to 4.5V. 
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SWITCHING CHARACTERISTICS (V00 = 5V, T a = 25iC, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time, from input A] , A^ to output Q 


CT = 0pF 
RT=5kQ 
Ci_=15pF(Note3) 




19 


33 


ns 


tpLH 


Low-to-high-level output propagation time, from input Bj , B 2 to output Q 




20 


44 


ns 


tpHL 


High-to-low-level output propagation time/from input A7, A7 to output Q 




21 


45 


ns 


tpHL 


High-to-low level output propagation time, from input Bi , B 2 to output Q 




23 


56 


ns 


tpHL 


High-to-low-level output propagation time, from input Rp to output Q 




18 


27 


ns 


tpi_H 


Low-to-high-level output propagation time, from input R~d to output Q 




23 


45 


ns 


twQ(min) 


Minimum output pulse width, from inputs A^ , A 2 , Bj and B 2 to output Q 




70 


200 


ns 


twQ 


Output pulse width, from input A~, B to output Q 


CT=1000pF, RT=10kQ 

CL=15pF(Note3) 


4 


4.55 


5 


jus 



Note 3. Measurement Circuit 



INPUT 
O 



Vcc 



50Q; 



4=c L 



W 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz (t wQ measurement: 100kHz), t r = 6ns, 

t f = 6ns, t w = 500ns, V P = 3V P . P , Z = 5012 

(2) C|_ includes probe and jig capacitance. 



TIMING REQUIREMENTS (VCC = 5V, T a = 25tJ, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


twCA;,^) 


Trigger A pulse width 




40 


\15 




ns 


twCB^) 


Trigger B pulse width 


40 


10 




ns 


tw(FQ 


Direct reset Rq pulse width 


40 


15 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(A) tw(A) 



*■* R- / 



Bi,B 2 



I 



tPHL 
h e . ■> 



l WQ, l WQ(min) 



\ 




tw(B) 






J 



tw(B) 



/ 



l WQ, iWQ( m m) 



Rd 



tw(RD) 




tPHL 



V 



y 



tPLH 

■* — >- 
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TYPICAL CHARACTERISTICS 



OUTPUT PULSE WIDTH vs C T , R 
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EXTERNAL TIMING CAPACITANCE C T (pF) 



EXTERNAL TIMING CAPACITANCE C T (pF) 



CHANGE RATIO OF OUTPUT PULSE 
vs POWER SUPPLY VOLTAGE 



CHANGE RATIO OF OUTPUT PULSE 
vs AMBIENT TEMPERATURE 
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POWER SUPPLY VOLTAGE V C c(V) 



AMBIENT TEMPERATURE T a (^C) 
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DESCRIPTION 

The M74LS123P is a semiconductor integrated circuit 
containing two retriggerable monostable multivibrator cir- 
cuits with direct reset inputs. 

FEATURES 

• Long pulse widths can be generated using the retrig- 
gerable function 

• Output pulses can be stopped at any time with direct 
reset inputs 

• A, B complementary inputs provided 

• High breakdown input voltage (V, > 15V) 

• Q and Q outputs provided 

• Wide operating temperature range (T a =-20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 



PIN CONFIGURATION (TOP VIEW) 




Outline 16P4 



FUNCTIONAL DESCRIPTION 

Positive pulses appear in output Q and negative pulses in 
output Q by connecting external resistor R T and capacitor 
C T to timing pins R E /C E and C E , as shown in Fig. 1 on the 
next page, and by applying a trigger from input A or B. 
(Fig. 2(a)) The width tw of the pulses appearing in the 
outputs is set by R T and C T . When A changes from high to 
low or when B changes from low to high, the trigger is 
applied. 

The retriggerable function is used to obtain long output 
pulse widths and when the trigger is applied from A or B 
immediately before the output pulse is completed, the 



output pulse width can be extended. (Fig. 2(b)) 

Q can be reset immediately low and Q high by setting 
direct reset input R D low irrespective of the status of the 
outputs. The output pulse width can therefore be made as 
short as preferred by the R^> signal. (Fig. 2(c)) When R D 
changes from low to high with A at low and B at high, the 
trigger is applied and the status of Q and Q changes. 



BLOCK DIAGRAM (EACH MONOSTABLE MULTIVIBRATOR) 



TIMING PINS 

Re/Ce C E 

Q 



AO- 



TRIGGER 
INPUTS 



, BO £>o- 



DIRECT ' 

RESET R D cT>- 

IMPIIT r 




I 



L|>>-OQ 



OUT- 
PUTS 
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TIMING PIN EQUIVALENT CIRCUIT 



Re/Ce, Ce 




FUNCTION TABLE (NoteD 




Rd 


A 


B 


Q 


Q" 


L 


X 


X 


L 


H 


X 


H 


X 


L 


H 


X 


X 


L 


L 


H 


H 


L 


T 


_TL 


~U~ 


H 


1 


H 


_TL 


~LT 


T 


L 


H 


_TL 


i_r 



Note 1 . T : Transition from low to high, (positive edge triggering) 

I : Transition from high to low. (negative edge triggering) 

_n_ ' Positive one-shot operation. 

~LT '• Negative one-shot operation. 

X ! Irrelevant 

OPERATION DESCRIPTION 
1. How to use the timing pins 

As shown in Fig. 1, external resistor R T and capacitor C T 
are connected to timing pins Re/Ce and C E . Connect the 
positive to the Re/Ce side and the negative to the C E side 
when using C T with polarity. In this case, it is not necessary 
to connect a switching diode required with the same type 
of TTL IC. With malfunctions caused by noise, connect C E 
to the GND line (neighboring on pin 8) as shown by the 
dotted line in Fig. 1. v C c 



RtS 



GND line , 



-T 

To pin Ce 



To pin Re/Ce 
Fig. 1 Connection of external resistor Rj and capacitor Cj 

to timing pins Re/Ce and Ce 
2. Output pulse width t w 

The output pulse width t w is set by R T and C T 

2-1 . When CT is greater than 1000pF 
tw = 0.45-.R T -C T (ns) X (1 + 0.1) 
Refer to K-C T characteristics indicated in TYPICAL 
CHARACTERISTICS for value of K. (No change is 



brought to K by value of R T .) 

R T is measured in kilohms and C T in picofarads 

Depending on the product, fluctuations in the order of 

3/-10%may occur. 

R T is measured in kilohms and C T in picofarads 
2-2. When CT is equal to or less than 1000pF 

Refer to the output pulse width versus— C T , R T given 

in the typical characteristics. 
3. Output pulse width control 

The output pulse width can be controlled in 3 ways by 
using, or not using, the trigger signal and R D signal. 
3-1. Normal use 

This is the normal method of use as a regular 

monostable multivibrator such as that shown in Fig. 

2(a) and the output pulse width t w can be set as for 

the formula and figure in section 2 above. 

3-2. Extension. of output pulse width with retrigger func- 
tion 

As shown in Fig. 2(b), the output pulse width can be 
extended as desired by applying a trigger pulse before 
the output pulse is completed. 

3-3. Shortening of the output pulse width with R^ signal 
As shown in Fig. 2(c), the output pulse which has been 
generated by the trigger signal can be terminated with 
the R D signal and it is possible to shorten its width as 
required. 



Rd 









_ 








tw 






(a) Normal use 
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Retr 
pu 


1 
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se 1 








tw+ tpLH 
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retrigger pulse 
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ension of output pulse w 


dth with retrigger 
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1 






t w 


. 


1 



(c ) Shortening of output pulse width with Rp signal 

Fig. 2 Output pulse width control 
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4. Precautions with use 

4-1. Apply the retrigger pulse after a wait of 0.22C T (ns) 
upon application of the trigger pulse. C T is measured in 
picofarads. The retrigger pulse during this period is 
ineffective. 

4-2. In order to minimize the floating capacitance and to 
safeguard against malfunction caused by noise, make 
the R T and C T wiring as short as possible and avoid 
signal wires which may be conducive to noise. 



4-3. Connect an external capacitor of 0.01~0.1juF with 
good high-frequency characteristics between pins V cc 
and GND. 

4-4. The output pulse is generated when the power is 
switched on. 



ABSOLUTE MAXIMUM RATINGS (Ta= -20--f-75-C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range • 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta 



-20— 4-75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.7V 







-400 


M* 


l0L 


Low-level output current 


V O l^0.4V 







. f 4 


mA 


Vol^0.5V 







8 


mA 


Rt 


External timing resistance 


5 




260 


kQ 


Ct 


External timing capacitance 


None 


Cr 


Re/Ce pin wiring capacitance 






50 


PF 



ELECTRICAL CHARACTERISTICS (Ta 



-20- 



-75°C, unless otherwise noted) 



Symbol 


Parameter 




Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C --18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V|=0.8V 
V|=2V, l O H=-400/M 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V| = 2V 


Iol= 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


/M 


V C c = 5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O =0V ' 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




12 


20 


mA 



.* : All typical values are at V cc =5V,T a =25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with Re/Ce and Ce open, 4.5V applied to Rp, A and B and A~set from 0V momentarily to 4.5V. 
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SWITCHING CHARACTERISTICS (Voo=5V.Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level output propagation time, from input A to output Q 


C T = OpF 
Rt= 5kQ 
C L =15pF (Note 4) 




19 


33 


ns 


tpi_H 


Low-to-high-level output propagation time, from input B to output Q 




20 


44 


ns 


tpHL 


High-to-low-level output propagation time, from input A to output Q 




• 21 


45 


ns 


tpHL 


High-to-low-level output propagation time, from input B to output Q 




23 


56 


ns 


tpHL 


High-to-low-level output propagation time, from input Rq to output Q 




18 


27 


ns 


tpi_H 


Low-to-high-level output propagation time, from input Rd to output Q 




23 


45 


ns 


tWQ (mm) 


Minimum output pulse width, from inputs A . B to output Q 




66 


200 


ns 


twQ 


Output pulse width, from- inputs A , B to output Q 


C T =IOOOpF. R T =10kQ 
C L =15pF (Note 4) 


4 


4.55 


5 


A/s 



Note 4: Measurement circuit 



50Q< 



Vcc 

JL 



(1 ) The pulse generator (PG) has the following characteristics: 

PRR = 1MHz (100kHz with two measurement), t r =6ns, tf=6ns, t w ^40ns, Vp=3Vp.p, Z o =50r2. 
-Lq (2) C|_ includes probe and jig capacitance 



TIMING REQUIREMENTS (V C C= 5 V. Ta = 25°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(A) 


Trigger input A pulse width 




40 


15 




ns 


tw(B) 


Trigger input B pulse width 


40 


10 




ns 


tw(R5) 


Direct reset input pulse width R D 


40 


15 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



_p 



tw( Aj, tw(A) 
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1 



tPLH twQ»twQ(min) 

■« >-r 
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tPLH 
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TYPICAL CHARACTERISTICS 

OUTPUT PULSE WIDTH VS C T , Rt 

(Ct^IOOOpF) 



100 



10 









- R 
















T — £OUKi,i 














R 




IfiflkO 
























































































































































^RT = 80kQ|^: 


















;-RT-40k 


Q j4- 




















\ 




^ RT=20k£ 

R T| =10kfi 


2 


















H 


= 5 kQ- 














Vcc- 5 


V 












°C 












|| 






-J 


I 


Hill 










HI 


II 







1 



10 



100 



1000 



10000 



EXTERNAL CAPACITANCE C T (pF) 
Note 5. Error within ±20% of output width given in the figure above. 
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EXTERNAL TIMING CAPACITANCE C T (pF) 



OUTPUT PULSE WIDTH VARIATION VS 
SUPPLY VOLTAGE 
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OUTPUT PULSE WIDTH VARIATION VS 
AMBIENT TEMPERATURE 

5 

4 

3 

2 

1 


- 1 
-2 
-3 
-4 
-5 















Vcc 


— 


5 V 
















Rt =10kQ 














C T 


= il 


UOp 


h 
























> 























































































































100 



AMBIEMT TEMPERATURE Ta (*C ) 



2-136 



A MITSUBISHI 
I 



.ELECTRIC 



MITSUBISHI LSTTLs 

M74LS125AP 

QUADRUPLE BUS BUFFER GATE WITH 3-STATE OUTPUT 



DESCRIPTION 

The M74LS125AP is a semiconductor integrated circuit 
containing 4 buffers with 3-state outputs and is provided 
with an output control input OC which is independent for 
each buffer. 

FEATURES 

• Provided with output control input independent for 
each of 4 circuits 

• High breakdown input voltage (V| ^ 15V) 

• Low power dissipation (Pd = 52mW typical) 

• High speed (t p d = 8ns typical) 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When OC is low, high appears in the output Y if input A is 
high and low appears if A is low. When OC is high, Y is put 
in the high-impedance state irrespective of the status of A. 
For this reason, this device is most suitable for use as a bus 
line driver. 

FUNCTION TABLE (Noten 



OC 


A 


Y 


L 


L 


L 


L 


H 


H 


H 


X 


. Z 



Note 1 : X : irrelevant 

Z •' high-impedance 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT _ , 

CONTROL 10C-> [T 
INPUT ■ — I 

INPUT 1A-+U 

OUTPUT 1Y+- [T 

OUTPUT _ 

CONTROL 20C-* R~ 

INPUT ' 

INPUT 2A - * (X 

OUTPUT 2Y*~ [F 

GND [T 




II] Vcc 

_ OUTPUT 

i71«_4 0C CONTROL 

-^i INPUT 

22)^-4 A INPUT 

TTJ — ► 4 Y OUTPUT 

_ OUTPUT 

Tm «-3 0C CONTROL 

- J INPUT 

T\ <— 3 A INPUT 
T] -► 3 Y OUTPUT 



Outline 14P4 



CIRCUIT SCHEMATIC (EACH BUFFER) 



OUTPUT 12K ? 7k ? 

CONTROL 

INPUT. 

oc°tC 




Vcc 



UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (Ta^-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20-+75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 
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)UTPUT 


ELECTRICAL CHARACTERISTICS (Ta= -20- + 75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


. Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V|=2V, loH=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V, V| = 2V 


l0L=12mA 




0.25 


0.4 


V 


l0L=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc = 5.25V, V|(oc) = 2V, V -2.4V 






20 


uA 


'OZL 


Off-state low-level output current 


Vcc = 5.25V, V|(oc) = 2V, V O = 0.4V 






-20 


//A 


llH 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


/uA 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V = OV 


-40 




-225 


mA 


Iccz 


Supply current, all outputs off 


V C c=5.25V, V| = 0V,V|(oc)=4.5V 




11 


20 


mA 



* : All typical values are at Vcc=5V, Ta = 25°C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (VCC-5V, Ta = 25°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, 

high-to-low-level output propagation time, 

from input A to output Y 


C L = 45pF 

(Note 3) 




7 


15 


ns 


tpHL 




10 


18 


ns 


tpZH 


Output enable time to high-level 


Rl=667Q, Ct_ = 45pF (Note3) 




12 


20 


ns 


tpZL 


Output enable time to low-level 


Rl = 667Q, C|_ = 45pF (Note 3) 




15 


25 


ns 


tpHZ 


Output disable time from high-level 


R L = 667Q, C L =5pF (Note3) 




13 


20 


ns 


tpLZ 


Output disable time from low-level 


Rl=667Q CL=5pF (Note3) 




13 


20 


ns 



Note 3: Measurement circuit 



INPUT Vcc OUTPUT Vfjfj 



JSW1 

• ►►!►! 



5kQ 



:C L 



Parameter 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tpHZ 


Closed 


Closed 



7SW2 



TIMING DIAGRAM (Reference level = 1.3V) 



oc 



(1 ) The pulse generator (PG) has the following characteristic 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
V P =3Vp.p ( Z o = 50n. 

(2) All diodes are switching diodes (t rr = ^4ns) 

(3) C|_ includes probe and jig capacitance 



r^ 



tPLH 



\ 



\ 



tpZL 



tpHL 
«e > 



I 



7 |0.5V 



tPLZ 
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M74LS126AP 

QUADRUPLE BUS BUFFER GATE WITH 3 -STATE OUTPUT 



DESCRIPTION 

The M74LS126AP is a semiconductor integrated circuit 
containing 4 buffers with 3-state outputs and is provided 
with an output control input OC which is independent for 
each buffer. 

FEATURES 

• Provided with output control input independent for 
each of 4 circuits 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 59mW typical) 

• High speed (t pc | = 10ns typical) 

• Wide operating temperature range (T a = 20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

When OC is high, high appears in the output Y if input A is 
high and low appears if A is low. When OC is low, Y is put 
in the high-impedance state irrespective of the status of A. 
For this reason, this device is most suitable for use as a bus 
line driver. 

FUNCTION TABLE iNoten 



OC 


A 


Y 


H 


L 


L 


H 


H 


H 


L 


X 


Z 



Note 1 : X : irrelevant 

Z '. high-impedance 



PIN CONFIGURATION (TOP VIEW) 



CONTROL 10C-* |T 



OUTPUT 
TROL 
NPUT 

INPUT 1A-> [J 

OUTPUT 1Y«-[T 

OUTPUT . 

CONTROL 20C-+ \T 

INPUT ^ 

INPUT 2A-*[T 



& 



OUTPUT 2Y «— [T 
GND [T 



-w 



5^ 



^ 



^ 



14] Vcc 

OUTPUT 
"J3]<_4 0C CONTROL 
— J INPUT 

j2]4-4A INPUT 

TTJ — > 4 Y OUTPUT 
OUTPUT 
lO] *-30C CONTROL 

l— INPUT 



-T]<-3A input 
T]-*3Y OUTPUT 



Outline 14P4 



CIRCUIT SCHEMATIC (EACH BUFFER) 



Vcc 



. 12k£ 15k 
OUTPUT 
CONTROL 
INPUT 
OC 




unit: q 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20~4-75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V OH ^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 
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M74LS126AP 





QUADRUPLE BUS BUFFER GATE WITH 3 -STATE OUTPUT 


ELECTRICAL CH AR ACTE R (ST ICS(Ta=- 20 ~ + 75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c=4.75V, V|=0.8V 
V|=2V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 
V|=0.8V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


loi_ = 24mA 




0.35 


0.5 


V 


lOZH 


Off-state high-level output current 


V C c = 5.25V, V| ( oc)=0.8V, V =2.4V 






2,0 


vA 


IOZL 


Off-state low-level output current 


Vcc=5.25V, V|(oc)=0.8V, V O =0.4V 






-20 


j"A 


llH 


High-level input current 


V C c=5.25V, V|=2.7V ' 






20 


juA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 2) 


V C c=5.25V, V = OV 


-40 




-225 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V, V| = 0V 




12 


22 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (V C C=5V.Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, 

high-to-low-level output propagation time, 

from input A to output Y 


C L = 45pF (Note 3) 




7 


15 


ns 


tpHL 




10 


18 


ns 


tpZH 


Output enable time to high-level 


Rl=667Q, C|_=45pF (Note 3) 




14 


25 


ns 


tpZL 


Output enable ti me to low-level 


R|_ = 667Q, Ci_=45pF (Note 3) 




16 


35 


ns 


tpHZ 


Output disable time from high-level 


RL = 667fi, C|_= 5pF (Note 3) 




16 


25 


ns 


tpLZ 


Output disable time from low-level 


Rl_ = 667Q, C|_= 5pF (Note 3) 




12 


25 


ns 



Note 3: Measurement circuit 



INPUT Vcc OUTPUT Vcc 



TIMING DIAGRAM (Reference level = 1.3V) 



PG 



"1 I 



Rl| 



7SW1 

• ► I NN 



ic L 



5kQ 
^vw — 



r 2 



Parameter 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp=3Vp.p,Z o = 50n. 

(2) All diodes are switching diodes (trr ^ 4ns) 

(3) C|_ includes probe and jig capacitance 
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M74LS132P 

QUADRUPLE 2-INPUT POSITIVE NAND SCHMITT TRIGGER 



DESCRIPTION 

The M74LS132P is a semiconductor integrated circuit 
containing four 2-input positive-logic NAND gates having a 
Schmitt trigger function and negative-logic NOR gates. 



FEATURES 

• Suitable for waveform shaping applications 

• Wide hysteresis width (0.8V typical) and high noise 
margin 

• High breakdown input voltage 
(V|^15V) 

• Low power dissipation (Pd = 35.2mW typical) 

• High speed (t pc j = 13ns typical) 

• Wide operating temperature range (T a = — 20~+75°C) 



APPLICATION 

General purpose, for use 
equipment. 



in industrial and consumer 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 



FUNCTIONAL DESCRIPTION 

The use of Schottky TTL technology has enabled the 
achievement of input high breakdown voltage, high 
speed, low power dissipation, and high fan-out. With 
positive feedback applied in the circuit, the hysteresis width 
is 0.8V (typical). Accordingly, the noise margin is high. 
Even slow changing input signals result in a shaped 
waveform output without causing oscillation. 

When inputs A and B are high, output Y is low, and 
when either or both inputs are low, Y is high. 

Refer to M74LS14P for the typical characteristics. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



CIRCUIT SCHEMATIC (EACH SCHMITT TRIGGER) 



'AO 



bO 



-zW- 



tK- 



lN 



1.6k< 



6.6k5 



4.2k 
I— W\r- 




lN 



L^ 



-OVcc 



-Oy output 



-O GND 



UNIT I Q 
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M74LS132P 

QUADRUPLE 2-INPUT POSITIVE NAND SCHMITT TRIGGER 

ABSOLUTE MAXIMUM RATINGS (Ta = -20- + 751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


' Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


*C 


Tstg 


Storage temperature range 




-65~ + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~ + 75r. unless otherwise noted ) 



Symbol 






Limits 


Unit 


Parameter 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


/"A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS <Ta=-20~ + 75lD. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V T + 


Positive-going threshold voltage 


V CC =5V 


1.4 


1.6 


1.9 


V 


Vt- 


Negative-going threshold voltage 


V C c=5V 


0.5 


0.8 


1 


V 


Vt + -V T - 


Hysteresis width 


Vcc=5V 


0.4 


0.8 




V 


Vic 


Input clamp voltage 


Vcc =4 - 7 5V, lic=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V, V| = 0.5V 
Ioh=— 400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=1.9V 


IOL=4mA 




0.25 


0.4 


V 


l L=8mA 




0.35 


0.5 


V 


It+ 


Input current at positive-going threshold 


V C c=5V, V| = V T + 




-0.14 




mA 


It- 


Input current at negative-going threshold 


Vcc=5V, V| = V T - 




-0.18 




mA 


■Iih 


High-level input current 


Vcc= 5.25V 
V| = 2.7V 






20 


uA 


V C c = 5.25V 
V|=10V 






0.1 


mA 


Iil 


Low-level input current 


V C c=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


Vcc= 5.25V, V O =0V 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


Vcc= 5.25V, V| = 0V 




5.9 


11 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V| = 4.5V 




8.2 


14 


mA 



* : All typical values are at Vcc^SV, Ta = 25t; 

Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS ( V CC=5V, Ta = 25^, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


' Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 
High-to-low-level output propagation time 


C L =15pF (Note 2) 




12 


22 


ns 


tpHL 




14 


22 


ns 



Note 2: Measurement circuit 
INPUT Vcc 



c 


) 


1 


\ 


c 








DUT 




PG 












50 Q^ 


7) 


T 


77 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp = 3Vp. P ,Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM 



A,B 



/ 



A 



1.3V 



V 



J 1,3V 
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M74LS133P 

SINGLE 13-INPUT POSITIVE NAND GATE 



DESCRIPTION 

The M74LS133P is a semiconductor integrated circuit 
containing one 13-input positive-logic NAND gate, usable as 
a negative logic NOR gate. 

FEATURES 

• High breakdown input voltage (V| > 15V) 

• Low power dissipation (Pd = 2.5mW typical) 

• High speed (tpd = 11ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

The use of PNP transistors for the inputs and active pull-up 
transistors for the outputs enables input high breakdown 
voltage, high speed, low power dissipation and high fan-out. 
When inputs A through M are high, output Y is low and 
when one or more of the inputs is low, output Y is high. 



FUNCTION TABLE 



PIN CONFIGURATION (TOP VIEW) 



B -> [7- 

c -*(T- 
d -> [T- 

GND (T 



~\s~ 



a 



jpllLilLiiljql 



T| Vcc 

J5] ♦- M 

If] — L 

13] ♦- K 

l|] «- J 
11]-. 

i°l — h . 

J] -♦ Y OUTPUT 



Outline 16P4 



A 


N 


Y 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



N = B-C-D-E-F-G-H- I -J-K-L-M 



CIRCUIT SCHEMATIC 



(A O 



INPUTS^ 
(13) 



M o 




<5Vcc 



4 k 

L^M oY 

OUTPUT 



OGND 



unit: q 



ABSOLUTE MAXIMUM RATINGS (T a = -20 


~ + 75°C , unless otherwise noted ) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5 — h 15 


V 


v 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 
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M74LS133P 

SINGLE 13-INPUT POSITIVE NAND GATE 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75'C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V H^2.7V 







-400 


A* A 


lOL 


Low-level output current 


Voi_^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~+75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


- Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil ' 


Low-level input voltage 


< 






0..8 


v 


Vic 


Input clamp voltage 


Vcc = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V 
| 0H = — 400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 
V|=2V 


IOL-4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


v 


llH 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


MA 


V C C=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc^^SV, V| = 0.4V 






-0.4 


mA 


'OS 


Short-circuit output current (Note 1 ) 


V C c = 5.25V, V o = 0V 


-20 




-100 


mA 


'CCH 


Supply current, all inputs high 


Vcc=5.25V. V|=0V 




0.35 


0.5 


mA 


•CCL 


Supply current, all inputs low 


V C C = 5.25V. V|=Open 




0.6 


1.1 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 
Note 1 : All measurements should be done quickly. 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level/highTto-low-level 
output propagation time 


C L =15pF(Note2) 




' 6 


15 


ns 


tPHL 




16 


38 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



INPUT 
O 



50^ 



Vcc 



=bc L 



W 



A~M 



i \ 



\ 



r 



(1 ) The pulse generator (PG) has the following characteristics; 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
V P = 3V P .p , Z = 50H. 
. (2) Cl includes probe and jig capacitance. 



PRECAUTION FOR USE 

Connect pins not being used to the Vcc supply voltage. 
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M74LS136P 



QUADRUPLE 2-INPUT EXCLUSIVE OR GATES 
WITH OPEN COLLECTOR OUTPUTS 



DESCRIPTION 

The M74LS136P is a semiconductor integrated circuit 
containing 4 dual-input exclusive-OR gates with open 
collector output. 

FEATURES 

• Usable in wire-AND connection 

• High breakdown output voltage (V ^ 7V) 

• Low power dissipation (Pd = 30.5mW typical) 

• High speed (t p d = 13ns typical) 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

With the use of open collector output, the high-level output 
impedance can be freely selected by means of an external 
resistor. This make possible use in the wire-AND, which has 
been impossible with conventional gates. 

When both inputs A and B are high or both low, output 
Y is low, and when A and B are high and low or low and 
high respectively, Y is high. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


L 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT SCHEMATIC (EACH GATE) 

°Vcc 



fAo- 



iE jg 




S4- 



S4- 



oY OUTPUT 



5kf 



-oGND 

UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (T a = -20~-f75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5~ +7 


V 


Vi 


Input voltage 




-0.5--M5 


V 


Vo 


Output voltage 


High-level state 


-0.5- + 7 


V 


Topr 


Operating free-air ambient temperature range 




-20~-f75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 
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M74LS136P 



QUADRUPLE 2-INPUT EXCLUSIVE OR GATES 
WITH OPEN COLLECTOR OUTPUTS 



RECOMMENDED OPERATING CONDITIONS <Ta = -20-+ 75C. unlesotherwise'noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V =5.5V 







100 


/M 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~4-75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


lOH 


High-level output current 


V C C=4.75V. V| = 0.8V 
V|-2V, V =5.5V 






100 


vA 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V,V| = 2V 


loL = 4mA 




0.25 


0.4 


V 


loL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c = 5.25V. V|=2.7V 






40 


A/A 


V C c=5.25V. V|=10V 






0.2 


mA 


IlL 


Low-level input current 


V C c=5.25V. V|=0.4V 






-0.8 


mA 


Ice 


Supply current 


Vcc = 5.. 25V (Note!) 




6.1 


10 


mA 



* I All typical values are at Vcc = 5V,Ta = 25° C. 
Note 1 : Ice is measured with all inputs grounded. 

SWITCHING CHARACTERISTICS (Vcc = 5V Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, 


Rl= 2kfi 

C|_ = 15pF Other input low (Note 2) 




14 


30 


ns 


tPHL 




14 


30 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, 


R L = 2 kQ 

Ci_ = 15pF Other input high (Note 2) 




12 


30 


ns 


tPHL 




12 


30 


ns 



Note 2: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



) INPUT 



PG 



50Q* 



Vcc Vcc OUTPUT 

R L^ 



t Cl 

w 



-T 



X 



tPHL 



\ 



"V 



J 



tPLH 

■* — > 



t 



tPHL 

>* — *■ 



/ 



tPLH 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50n 

(2) Cl includes probe and jig capacitance.. 
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3-LINE-T0-8-LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 



DESCRIPTION 

The M74LS137P is a semiconductor integrated circuit con- 
taining a 3-line-to-8-line decoder/multiplexer function with 
address latch. 

FEATURES 

• Address latch capability with latch enable input 

• Easy cascade connection with two enable inputs 

• Wide operating temperature range (Ta: —20 — +75°C) 

APPLICATIONS 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTIONS 

When latch enable input E L is low, the data applied to 
inputs Da— Dc are read into the latch; when it is high, the 
device operates as a decoder/demultiplexer with a function 
that retains the data 

When the device is used as a decoder and inputs D A -Dc 
are designated with a 3-bit binary code, one output among 
outputs Yo— Y 7 corresponding to the numerical value is set 
low and the other seven outputs are all set high. In this 
case, enable input E^ is set high and enable input E 2 is set 
low. When Ej and E 2 are subject to any other conditions, 
the outputs are set high regardless of the status of D a -Dq. 
(Refer to application examples) 



PIN CONFIGURATION (TOP VIEW) 




INPUTS 

LATCH 

ENABLE 

INPUT 

ENABLE . 
INPUTS 

OUTPUTS 


'D A — (T 
D B — (7 
D C -[T 

e7 — [T 
El- [7 
Ei — [T 
y7^-[T 






ll Vcc 




I 


-o 
—c 


D B DA Yo- 

D C Yi y- 
E L Y 2 >- 
E 2 Y 3 d- 
E^ Y 4 o- 

y 7y6 Y 5 ^ 


m]- yT 
jU- y? 
!- Yi 
n]— Yi 

J0j- Yi 
"Tl — ♦ y7 


OUTPUT 


GND [T 




Y 






£j ♦ Ye J 






Outline 16P4 







When the device is used as a demultiplexer, it functions 
as a 1-line-to-8-line demultiplexer by making Ei and E 2 the 
data inputs and D A — D c the selection inputs. 

This IC is the same as the M74LS138P except that it fea- 
tures a latch function in inputs D A — D C - 



BLOCK DIAGRAM 



LATCH ENABLE 



ENABLE INPUTS 




8)GND 
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3-LINE-T0-8-LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

FUNCTION TABLE 



eU 


Ei 


EJ 


Dc 


D B 


Da 


Yii 


^1 


y7 


yj 


Y4 


yF 


Yi" 


y7 


X 


X 


H 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


X 


L 


X 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


L 


H 


L 


L 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 


H 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


L 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


l_ 


H 


.L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


X 


X 


X 


Output corresponding to stored 
address, L; all other, H. 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5-Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65^+150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta =-20- +75-C, unless otherwise noted) 



Symbol 


Parameter < 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V OH ^2.7V 







-400 


/iA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vol^O.SV 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75-C, unless otherwise noted > 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, lic=— 18rriA 






-1.5 


V. 


VOH 


High-level output voltage 


V C c = 4.75V, V|=0.8V 
V|=2V, I O h=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C C = 4.75V 
V|=0.8V, V|=2V 


l0L =4m A 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


v 


Iih 


High-level input current 


V C C = 5.25V, V|=2.7V 






20 


/.A 


V C C=5.25V, V|=10V 






0.1 


mA 


Iil 


Low-level input current 


E L , Ei, E 2 


V C C-5.25V, V|=0.4V 






-0.4 


mA 


D a , D b , D C 






-0.2 


'os 


Short-circuit output current (Note 2) 


V C C = 5.25V, V = OV 


- 20 




-100 


mA 


Ice 


Supply current 


V C C=5.25V (Note 3) 




11 


18 


mA 



* : All typical values are at Vcc = 5V, Ta = 25 C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 3: Supply current should be measured with all inputs grounded. 
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3-LINE-T0-8-LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

SWITCHING CHARACTERISTICS CV C C=5V, Ta = 25.-C. unless otherwise noted) 



Symbol 








Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpLH 


Low-to-high, high-to-low output 
propagation time, from inputs Da, Db, 
D c to outputs Tq-Y^ 


g 

CO 

D) 

•O 

O 

(U 
XI 

E 


2 


C L =15pF (Note 4) 




8 


17 


ns 


tpHL 


4 




15 


38 


tpLH 


Low-to-high, high-to-low output 
propagation time, from inputs Da, Db, 
Dc to outputs Tu" - 77 


3 




10 


24 


ns 


tpHL 


3 




13 


29 


tpiJH 


Low-to-high, high-to-low output 
propagation time, from input EJ 
to outputs To - Y7 


2 




9 


21 


ns 


tpHL 


2 




10 


27 


tpi_H 


Low-to-high, high-to-low output 
propagation time, from input E-| 
to outputs Yg" -Y^ 


3 




10 


21 


ns 


tpHL 


3 




12 


27 


tpi_H 


Low-to-high, high-to-low output 
propagation time, from input E|_ 
to outputs Y - Y7 


3 




13 


27 


ns 


tpHL 


4 




18 


38 



Note 4: Measurement circuit 



50S2- 



Vcc 



TfT 



Output 



^ZC L 



ITT 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz,t r = 6ns,t r = 6ns, ! t w = 500ns, V P = 3V p . p ,Z 
= 50 ohms. 

(2) C L includes probe and jig capacitance. 



TIMING REQUIREMENTS (V C c = 5V, Ta = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


( Min 


Typ 


Max 


twCEj 


Latch enable E L pulse width 




15 


4 




ns 


tsu(D) 


Setup time D A - D c to E L 


10 


3 




ns 


l h(D) 


Hold time D A - D c to E L 


10 







ns 



TIMING DIAGRAMS (Reference level = 1.3V) 



^^-TX-J 



J- 



IN-PHASE 
OUTPUT 



OUT-OF-PHASE 
OUTPUT 



tsu (D) 



V- 



o. 



th(D) 






tsu (D) 



tpHL 
-s — > 



V 



/ 



th(D) 



J 



D A ~Dc 



IN-PHASE 
OUTPUT 



OUT-OF-PHASE 
OUTPUT 



f 



r 
I 



\ 



tpHL 
■«= =»■ 



\ 



X 



tpHL 
<= — > 



f 
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3-LINE-T0-8-LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCH 

APPLICATION EXAMPLES (6-bit 2-line-to-64-line decoder with address latch) 

(a) CIRCUIT DIAGRAM 



STROBE - 
DECODER ENABLE - 

x 5 - 
x 4 - 
x 3 - 



x 2 - 

Xi- 
X - 



fi_ 



1 



E L DaDbDc E 2 E! 

LS137 
YoYt Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 



rwyYYYy 



tx 



E L D a D b Dc E 2 Ei 
LS137 

Yo Y, Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 



TTTTTTTT 

12 3 4 5 6 7 



E L DaDbDc E 2 Ei 
LS137 

Yo Y! Y 2 Y 3 Y4Y5 Y 6 Y 7 



VYYYVYYY 

8 9 10 11 12 13 14 15 



E L D a D b Dc E 2 E, 
LS137 

Yo Y1 Y 2 Y3Y4 Y 5 Y 6 Y 7 

TTTTTTTT 

16 17 18 19 20 21 22 23 



/tofiveother\ 
( Idecoders ) 



t^r 



(b) FUNCTION WAVEFORM 



DECODER 
ENABLE 



X 



i. L 


i i ! ! ! 




1 




| 




— I 


i i i i ii 


ri 
1 


1 iii 

ii i 1 ! I r 




i ! ! i i 












1 1 1 1 1 1 

1 ! 1 1 1 1 


1 








1 1 1 
1 1 ■ 1 
iiii 
1 1 1 1 














1 












1 1 1 1 1 
! - ! , I ! 

! i I 1 i 






| 


H : ! i i 














! 1 1 1 1 

1 ' 1 

!,ii 1 














i i .! W 

II 1 1 1 














IIII 
1 1 1 1 I 
1 II 1 | 


i_ 


! 

1 
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3-LINE TO 8-LINE DECODER/DEMULTIPLEXER 



DESCRIPTION 

The M74LS138P is a semiconductor integrated circuit 
consisting of a 3-bit binary-octal decoder/demultiplexer 
with enable inputs. 

FEATURES 

• 3 classes of enable inputs 

• 4 to 16 decorder/demultiplexer functions are provided 
without use of external components. 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

For use as a decoder, specify inputs D A , D B , and D c in 
3-bit binary code. In the case of decoding function, the E-j is 
kept in high state while E^ and E 3 are kept low. If E 1f E 2 
and E^ are not in these conditions, all the outputs become 
high, irrespective of the status of D A ~D C . For use as a 
demultiplexer, E^, E^ and E 3 are used as data inputs and 
D A , D B , and D c as selection inputs. This forms a 1-line to 
8-line demultiplexer. 



PIN CONFIGURATION (TOP VIEW) 


INPUTS " 


Da- [7 
Db-[T 






T|] vcc 




I 




Db Da Yo 




lU — ♦ Yo 






^Dc-[T 




Dc Yi 




u] -> yT 






e7-*> [7 




E 2 Y 2 




m -> y? 




ENABLE ., 
INPUTS 


IJ-* [I 




E 3 Y 3 




JU ~+ Yj 


► OUTPUTS 




El— [? 




Bi Y 4 




n] -> y7 




OUTPUT y7<~ \T 
GND [5 




Y7 Ys Y5 




To] -* Yi 

J\ -+ Y6 






Y 






Outline 16P4 



BLOCK DIAGRAM 



INPUTS < 



ENABLE INPUTS «< ^J 



4>~.. 




: ~Mzy-§ 



o 



^o 



o 



Vcc 



-Q5) Yo 



<J3> Y 2 
© Y3" 



; 0-^ 



iO 



Y 4 
<SS> Y" 5 



> OUTPUTS 



Y 7 



8 J GND 
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3-LINE TO 8-LINE DECODER/DEMULTIPLEXER 


FUNCTION TABLE (NoteD 


El 


17 


Dc 


D B 


Da 


~0 


YT 


YF 


- Y 3 


Y4 


Y^ 


Y^ 


y7 


X 


H 


X 


x 


X 


H 


H 


H 


H 


H 


H 


H 


H 


L 


X 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


• L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


L 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


L 


H 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


.H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H ' 


H 


H 


H 


H 


H 


H 


H 


H 


L 



Note 1: Ex=E 2 + E 3 
X '. irrelevant 

ABSOLUTE MAXIMUM RATINGS (T a =-20~4-75°C t unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS (Ta=-20-4-75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 


Parameter 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


Voh^2.7V 







-400 


/M 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20- 4-75T, unless otherwise noted) 



* : All typical values are at V C c = 5V, Ta = 25 C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 3: Ice is measured with all output off-state. 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


V 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65- -M50 


°C 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V. V1-O.8V 
V|=2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 

V| = 0.8V,V|=2V 


loL = 4niA 




0.25 


0.4 


V 


l0L = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


^A 


Vcc^S^V. V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


VcC = 5.25V (Note 3) 




6.3 


10 


mA 
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3-LINE TO 8-LINE DECODER/DEMULTIPLEXER 



SWITCHING CHARACTERISTICS (Vcc=5V.Ta = 25°C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level 
output propagation time, from inputs 
Da. D b , D c to output"Yo"-"Y7 


delay gate stages 
2 


C L =15pF (Note 4) 




9 


20 


ns 


tpHL 




12 


41 


ns 


tpi_H 


delay gate stages 
3 




16 


27 


ns 


tpHL 




14 


39 


ns 


tpi_H 


Low-to-high-level, high-to-low-level 
output propagation time, from inputs 
E2, E3 to outputs Y0-Y7 


delay gate stages 
2 




10 


18 


ns 


tpHL 




15 


32 


ns 


tpi_H 


Low-to-high-level, high-to-low-level 
output propagation time, from input 
E1 to outputs Y0-Y7 


delay gate stages 
3 




8 


26 


ns 


tpHL 




15 


38 


ns 



Note 4: Measurement circuit 



INPUT 
O 



50Q* 



Vcc OUTPUT 

O O , 



=bc L 



w 



(1) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3V P .p,Z o = 50n 

(2) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



D A , Db, Dc 
Ei, E 2 , E 3 



Y ~Y 7 



I 



\ 



tPLH 



r 



\ 



tpHL 
■e ^- 



IL 

I 



APPLICATION EXAMPLE 

4-line to 1 6-line decorder/demultiplexer 



Yrj Yt Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 

Ullllll 



V Yt y 2 y 3 y 4 y 5 y 6 y 7 
M74LSI38P 

Ei E 2 E 3 D A D B D c 



?TQ 



D A DbDc Dd 



Y 8 Y 9 Y10Y11 Yi 2 Yi 3 Y14Y15 

1111111 



Y Yt Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 

M74LS138P 

Ei E 2 E 3 Da Db Dc 



TT5 



I 
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DUAL 2-LINE TO 4-LINE DECODER/DEMULTIPLEXER 



DESCRIPTION 

The M74LS139P is a semiconductor integrated circuit 
containing two 2-bit 2-line-to-4-line decoders/demulti- 
plexers with separate enable inputs. 

FEATURES 

• Enable inputs provided 

• Two circuits completely separate 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, for use 
equipment. 



industrial and consumer 



FUNCTIONAL DESCRIPTION 

For use as a decoder, when inputs D A and D B are specified 
in 2-bit binary code, the output corresponding to the 
number among Y^~Y7 is set low and all the other 3 
outputs are set high. The enable inputs E are kept low. 
When inputs E are high, all the outputs are set high 
irrespective of the status of D A and D B . 

For use as a 1-line-4-line demultiplexer, make inputs E 
the data inputs and D A and D B the selection inputs. 



PIN CONFIGURATION (TOP VIEW) 



ENABLE _ . , 

INPUT 1E-» [T 



INPUTS 



id b ->|T 
iyU*-[7 
iyT«-Q[ 

iyI«-[7 

GND [? 



~1 



■^r 





IE 
1D A 




1D b 




IYo 




1Yi 




1Yz 




1Y 3 



in- 



Vcc 
2E 

U] *"2Da 
U] — 2D B 
T5I — ^" 2 Y^ 
TT|-*2Y^ 
To]->2y7 

!]-> 2y" 3 



ENABLE 
INPUT 



Outline 16P4 



FUNCTION TABLE 


(Note 1 ) 








E 


D B 


Da 


Y^ 


yT 


"Yl 


Y3" 


H 


X 


X 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


L 


L 


H 


H 


L 


H 


H 


L ' 


H 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


L 



Note 1 : X : Irrelevant 



BLOCK DIAGRAM (EACH DECODER) 



DbO- 



ENABLE INPUT EQ C 



Yo 



Y 2 
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DUAL 2-LINE TO 4-LINE DECODER/DEMULTIPLEXER 



ABSOLUTE MAXIMUM RATINGS (Ta=-20-+7S-C,' unless otherwise ntoed) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- -*- 1 50 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







-400 


*A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a 



-20—4- 75°C , unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


V 0H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V|=2V. Ioh=-400a/A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V.V|=2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


M* 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, Vo-0V 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




6.8 


11 


mA 



* : All typical values are at V cc = 5V, T a = 25 C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with the outputs in the enable state. 

SWITCHING CHARACTERISTICS (V C C = 5V, T a = 25°C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level 
output propagation time, from inputs 
Da. Dr to outputs "Yq— Y7 


dealy gate stages 
2 


C L = l5pF (Note 4) 




8 


20 


ns 


tpHL 




15 


33 


ns 


tpLH 


delay gate stages 
3 




10 


29 


ns 


tpHL 




15 


38 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 




8 


24 


ns 


tpHL 


time, from input E to outputs Yq— Y7 






12 


32 


ns 



Note 4: Measurement circuit 



INPUT Vcc OUTPUT 



50Q< 



T 



TIMING DIAGRAM (Reference level = 1.3V) 

x 



Da, Db, E 



J 






LEVELS OF 
DELAY 2 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = TMHz, t r =6ns, tf=6ns, t w =500ns, V P =3V P .p, Z o = 50ft. 

(2) C L includes probe and jig capacitance 



LEVELS OF 
DELAY 3 



\ 



I 



\ 



tpHL 



tpHL 



"V. 

L 



_jf 

tPLH 
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BCD-TO-DECIMAL DECODER/DRIVER 



DESCRIPTION 

The M74LS145P is a semiconductor integrated circuit 
provided with BCD-to-decimal decoder/driver function and 
open collector outputs. 

FEATURES 

• High output current (lo=80mA with Vql^3V; 
lo= 24mA with Vo ^0.5 V) 

• High output breakdown voltage (Vo^15V) 

• All outputs high with reactive input 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

When inputs D A/ D B , D c and D D are designated with a 
BCD code in this decoder/driver, the Y ~Y 9 output 
corresponding to the number is set low while the other 9 
outputs are set high. When a binary number of 10 or more 
is applied to D A ~D D ., all the outputs are set high. 

The outputs are open collector types with a breakdown 
voltage of 15V and an l i_ of 80mA (with V l^3V) This 
device is therefore suitable for use as an LSTTL/MOS 
interface, display tube and relay driver. 



PIN CONFIGURATION (TOP VIEW) 



fW«-[T- 
7I«-[T. 

Yi-d- 

Y7— [7- 

y£— [T- 

GND [T 



"\J~ 



iL 



Y 
Y, D, 

Y 2 D B 

Y 3 D C 

Y 4 D D 

Y 5 Y 9 



16] Vcc 

J5] «- D A 

u\ +- D B 
T[] — Pc 
iU — d d j 

u\ — Yi" 

To] -> Yi ["OUTPUTS 

J} -> W 



* : OPEN COLLECTOR OUTPUTS 

Outline 16P4 



BLOCK DIAGRAM 



OUTPUTS 




Dc D D 



GND 



* : OPEN COLLECTOR- OUTPUTS 
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BCD-TO-DECIMAL DECODER/DRIVER 



FUNCTION TABLE 



Decimal 
number 


D D 


Dc 


D B 


D A 


Yri 


Y1 


YF 


YJ 


Y^ 


Ys 


Y^" 


yT 


Yr 


Yg 





L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


1 


L 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


2 


L 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


3 


L 


L 


H 


H 


H 


■H 


H 


L 


H 


H 


H 


H 


H 


H 


4 


L 


H 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


5 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


6 


L 


H 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


7 


L 


H 


H 


H 


H 


i H 


H 


H 


H 


H 


H t 


L 


H 


H 


8 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


9 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


10 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


11 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


12 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


13 


H 


H 


L 


H 


H 


H. 


H 


H 


H 


H 


H 


H 


H 


H 


14 . 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


15 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


ABSOLUTE MAXIMUM RATINGS '(Ta=- 20 ~- + 75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- + 15 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ + 75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H=15V 







250 


JuA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


V O L^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (T a = -2D- 4-75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


Vih 


' High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V CC =4.75V. l|c=-18mA 






-1.5 


V 


'OH 


High-level output voltage 


V C c = 4.75V. V| = 0.8V 
V|=2V. V =15V 






250 


AiA 


Vol 


Low-level output voltage 


V C C = 4.75V 
V|-0.8V.V|-2V 


loi_=12mA 




0.25 


0.4 


V 


lrjL=24mA 




0.35 


0.5 


V 


loL = 80mA 




2.3 


3 


V 


Iih 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


/iA 


V C c = 5.25V. V|=10V 






0-1 


mA 


IlL 


Low-level input current 


V C c = 5.25V. V|=0.4V 






-0.4 


mA 


Ice 


Supply current 


Vcc =5. 25V (Note!) 




7 


13 


mA 


* : All typical values are at V cc = 5V,T a =25°C. 
Note 1 : Ice is measured with D A ~ Dp at OV. 
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M74LS145P 

BCD-TO-DECIMAL DECODER/DRIVER 



SWITCHING CHARACTERISTICS (v C c=5v, Ta 


= 25°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level 
output propagation time 


delay gate stages 
2 


R L = 665Q, C L = 45pF (Note 2) 




27 


50 


ns 


tpHL 




17 


50 


ns 


tpLH 


delay gate stages 
3 




27 


50 


ns 


tpHL 




17 


50 


ns 



Note 2: Measurement circuit 



INPUT 
Q 



50 Q 



Vcc Vcc OUTPUT 



DUT 



-ftr w 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR=1MHz, t r =6ns, t f =6ns,t w = 500ns, V P =3V P . P , Z o = 50ft. 

(2) C|_ ihcludes probe and jig capacitance 



TIMING DIAGRAM (Referenced .3 V) 

INPUT -(- 



LEVELS OF 
DELAY 3 



LEVELS OF 
DELAY 2 



\ 



tPHL 



/ 



\ 



£ 



tPLH 



tPHL 



"V. 
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10-LINE DECIMAL TO 4-LINE BCD PRIORITY ENCODER 



DESCRIPTION 

The M74LS147P is a semiconductor integrated circuit con- 
taining a 10-line BCD encoder with a priority function. 

FEATURES 

• Priority decoding of the data inputs 

• Data inputs and outputs both active-low 

• Wide operating temperature range (Ta = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

This device functions to encode a pulse entered through 
one of the nine input pins (D^ ~ D^) into a BCD code by 
producing an inverted signal (based on input) at output 
Y A ~ Y D . The encoder handles all inputs in a priority 
sequence, so that when two or more are present at input at 
the same time, the signal present at the highest priority pin 
will be encoded. D does not exist as an input, and when 
all inputs are at high-level, all outputs will also be high-level, 
yielding a output. Ideally suited for use as a keyboard 
encoder or range selector. 



PIN CONFIGURATION (TOP VIEW) 




d7 -> [7 

Di"-* [T 




^ 




Ts\ vcc 
1|] nc 




A 




Ds° 4 




INPUTS 


D^— [7 




D 6 Yd 




u] -* Yd output 




D7 — [7 




D 7 D 3 




U - d" 3 | 




OUTPUTS 


'Yc- [6 

.yb «- [7 




D 8 D 2 
Yc Di 
Yb Ya D 9 




HI ^- D~2 
U\ — D~, 

10] ♦- d! 


INPUTS 


GND [7 




Y 




jQ _* Ya OUTPUT . 




Outline 16P4 nc: no connection 



BLOCK DIAGRAM 



BCD OUTPUTS 







D 4 D 5 



-© — © — ®— 

D 6 D 7 D 8 Dg 



-O- 1 ^ 
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10-LINE DECIMAL TO 4-LINE BCD PRIORITY ENCODER 


FUNCTION TABLE (Note D 


dT 


Di 


Di 


D~4~ 


Di 


D~6 


D7 


Di 


bl 


Yd 


Yc 


Y B 


Ya 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


H 


H 


L 


X 


X 


X 


X 


X 


X 


X 


L 


H 


L 


H 


H 


H 


X 


X 


X 


X 


X 


X 


L 


H 


H 


H 


L 


L 


L 


X 


X 


X 


X 


X 


L 


H 


H 


H 


H 


L 


L 


H 


X 


X 


X 


X 


■ L 


H 


H 


H 


H 


H 


L 


H 


L 


X 


X 


X 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


X 


X 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


X 


L 


H 


H 


H 


H' 


H 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 



Note 1.X: Irrelevant 



ABSOLUTE MAXIMUM RATINGS(Ta=-20~+75C unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+-75'C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


Voh^2.7V 







-400 


AiA 


lOL 


Low-level output current 


V O L^0.4V , 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~+75'C, unless otherwise noted ) 



* I All typical values are at V cc = 5V,T a = 25° C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 

3. Icci is measured with D7 at OV, and all other inputs open. 

4. Icc2 is measured with all inputs open. 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5 --+7 


V 


Vi 


Input voltage 




— 0.5 — -H 15 


V 


Vo 


Output voltage 


High-level output 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




- 20-4-75 


°c 


Tstg 


Storage temperature range 




-65- 4-150 


°c 



Symbol 


I Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


VlH 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4. 75V, lic=- 18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V 
V| = 2V, loH=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 

Vi = 0.8V, Vi = 2V 


loi_=4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Vcc = 5.25V, Vi = 2.7V 






20 


A*A 


Vcc = 5.25V, Vi=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, Vi = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, Vo = 0V 


-20 




-100 


mA 


ICC1 


Supply current 


Vcc = 5. 25V (Note 3) 




12 


20 


mA 


ICC2 


Supply current 


VCC = 5. 25V (Note 4) 




10 


17 


mA 



2-160 



MITSUBISHI 
k ELECTRIC 



MITSUBISHI LSTTLs 

M74LS147P 

10-LINE DECIMAL TO 4-LINE BCD PRIORITY ENCODER 



SWITCHING CHARACTERISTICS(V00 = 5V. Ta=25t;, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-tp-high-level, high-to-low-level output propagation time, 
from input D", ~ D 9 to output Y^ ~ Y D (levels of delay 2) 


CL=15pF(Note5) 




9 


18 


ns 


tpHL 




14 


18 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input Dj ~ D 9 to output Y A ~ Y D (levels of delay 3) 




25 


33 


ns 


tpHL 




15 


23 


ns 



Note 5. Measurement Circuit 



INPUT 




PG 



V C C 



DUT 



OUTPUT 



=^Cl- 



i7r irr 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns. t f = 6ns, t w = 500ns, V P = 3V P . P , 
Z = 50^. 

(2) C(_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



Di~D9 



— — LEVELS OF 
YA~YD DELAY 2 



_ LEVELS OF 

Ya~Yd DELAY 3 



Y 



tpLH 

<= 3H 



f 



Jf 



tPLH 

■* >t 



/ 



tpHL 

«« *. 
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M74LS148P 

8-LINE TO 3-LINE PRIORITY ENCODER 



DESCRIPTION 

The M74LS148P is a semiconductor integrated circuit 
provided with an 8-line to 3-line priority encoder function 
and priority sequence function-. 

FEATURES 

• Priority decoding of the data input 

• Easy expansion of the number of input bit 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When signals are applied to one of this encoder's eight 
inputs D^~D^, the 3-bit binary number corresponding to 
the input pin appears at outputs Y A ~Y^. Since priority is 
given to each input, the highest-level input pin signal is 
encoded when more than one signals are applied simultane- 
ously. The number of input data can easily be increased as 
shown in the application example using the enable input E, 
enable output EO and group signal output GS. This device 
is suitable for use as a keyboard encoder or for range 
selection. 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



Dl-[T- 
Di — [T- 

Id7 — [7 

ENABLE E -Q[- 



INPUT 
OUTPUTS 



Yc «- |7 

lvi«- |T- 

GND |T 



ZL_ 



D 5 EO 

D 6 GS 

D 7 D 3 

E D 2 

Y C D, 



16] Vcc 

fsl -+ EO ENABLE 
-^J tU OUTPUT 

0. po GROUP SIGNAL 
bb OUTPUT 

U- Di 

77] «- dT 
To] «- dF 
J] -+ Ya output 



Outline 16P4 



BLOCK DIAGRAM „ DnilD CI „ M , 

GROUP SIGNAL 
ENABLE OUTPUT OUTPUT 
EO GS 
15)— (1? 



OUTPUTS 




Vcc 



-©-[ 



W ® &— -<fi) © (?) (2) (3) (S> 



Di 



D 2 



D 3 



D 4 



D 5 



D 6 



D 7 



Y 

INPUTS 



ENABLE 
INPUT 
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8-LINE TO 3-LINE PRIORITY ENCODER 



FUNCTION TABLE (Note i) 



E 


D^ 


d7 


d7 


d7 


d7 


dT 


w 


"07 


Yc~ 


Y^ 


Ya" 


GS 


EO 


H 


X 


X 


X 


X 


X 


X 


X 


X 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


L 


H 


L 


X 


X 


X 


X 


X 


X 


L 


H 


L 


L 


H 


L 


H 


L 


X 


X 


X 


X 


X 


L 


H 


H 


L 


H 


L 


L 


H 


L 


X 


X 


X 


X 


L 


H 


H 


H 


L 


H 


H 


L 


H 


L 


X 


X 


X 


L 


H 


H 


H 


H 


H 


L 


L 


L 


H 


L 


X 


X 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 


H 


L 


X 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 



Note 1 X : Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20~- 4-75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




— 65~ f- 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


. Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


V H^2.7V 







-400 


^A 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V||_ 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V|=0.8V 
V| = 2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 

V| = 0.8V, V| = 2V 


lOL 4nr| A 




0.25 


0.4 


V 


Iql 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


T%. E 


V C c = 5.25V, V|=2.7V 






20 


/iA 


Ch~U7 






40 


W. E 


V C c=5.25V, V|=10V 






0.1 


mA 


DT-D^ 






0.2 


IlL 


Low-level input current 


Do, E 


Vcc = 5.25V, V| = 0.4V 






-0.4 


mA 


DT-D7 






-0.8 


los 


■ Short-circuit output current (Note 2) 


Vcc = 5.25V, Vo^OV 


-20 




-100 


mA 


loci 


Supply current 


V C c = 5.25V (Note 3) 




12 


20 


mA 


ICC2 


Supply current 


V C c = 5.25V (Note 4) 




10 


17 


mA 



* : All typical values are at Vcc = 5V.Ta=25°C. 
Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 3: Iqci is measured with D7 and E at 0V and with all other inputs open. 
Note 4: Icc2 ' s measured with all inputs open. 
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8-LINE TO 3-LINE PRIORITY ENCODER 



SWITCHING CHARACTERISTICS (V00=5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Di ~D^ to outputs Ya~ Yq 
(levels of delay 2) 


Ci_-15pF (Note 5) 




11 


18 


ns 


tpHL 




14 


25 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs D/| ~ D7 to outputs Ya~ Yq 
(levels of delay 3) 




15 


36 


ns 


tPHL 




18 


29 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do ~D7 to output EO 
(levels of delay 3) 




7 


18 


ns 


tpHL 




24 


40 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do ~D7 to output GS 
(levels of delay 2) 




31 


55 


ns 


tpHL 




8 


21 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Eto outputs Ya~ Yq 
(levels of delay 2) 




11 


25 


ns 


tpHL 




14 


25 


ns 


tpLH 


Low-to-high-level , high-to-low-level output propagation 
time, from input E to output GS 
(levels of delay 2) 




8 


17 


ns 


tpHL 




13 


36 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output EO 
(levels of delay 2) 




11 


21 


ns 


tPHL 




27 


35 


ns 



Note 5: Measurement circuit 
INPUT 



50 il 



Vcc 



IfT 



OUTPUT 



=^C L 



tr 



(1) The pulse generator. (PG) has the following characteristics: 
PRR = 1MHz,t r =6ns,t f =6ns, t w =500ns, V P =3Vp. Pr Z o =50ft. 

(2) C|_ includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



E and 
Do-D? 



EO, GS 
Ya~Yc 



EO, GS 
Ya"~Yc 



tPHL 



V 



tPLH 



/ 



tPLH. 



r. 



x 



APPLICATION EXAMPLE 
64-line/4-bit binary encoder 



DATA INPUTS 



12 3 4 5 6 7 




6-BIT BINARY OUTPUTS 
Expansion is possible up to 2 n bits in accordance with the above application example. 
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M74LS151P 

8-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER WITH STROBE 



DESCRIPTION 

The M74LS151P is a semiconductor integrated circuit 
containing an 8-line to 1-line data selector/multiplexer 
function. 

FEATURES 

• Strobe input provided 

• Complementary output provided 

• Low output impedance 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, for use 
equipment. 



in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This IC has a data selector function which provides 1-line 
selection of 8 input signals and a multiplexer function 
which converts the 8-bit parallel data into serial data. When 
8-line signals are applied to the data inputs and 1 data is 
specified from among the 8 data from selection inputs S A/ 
S B and S c , the input signal is output at Y and the inverted 
signal from output Y. By applying 8-bit parallel data to 
D ~D 7 and connecting a synchronous octal counter output 
to S A , S B and S c , the data appear in Y in D ~D 7 order 
and in Y in D ~D 7 order as synchronized with the clock 
pulse. When strobe input G is set high, Y is set low and Y 
high. 

M74LS151P has the same functions and pin connections 
as M74LS251P but the latter is provided with 3-state out- 
puts. 



PIN CONFIGURATION (TOP VIEW) 


DATA 
INPUTS 

OUTPUTS < 

STROBE 
INPUT 


D 3 — [T 
D 2 — [7 

Di -»[T 

Do -♦ [T 
G^[7 


^ 




7|] V C C 




1 




D 2 D3 D 4 
Di D 5 
Do D 6 

Y D 7 

Y S A 
G _ S B 

Sc 




J5] *-D 4 

m] -d 5 

]U -D 6 

2U «-d 7 
77] *-s A 
To] 4-sb 
H — s c ^ 


.DATA 
INPUTS 

.SELECTION 
INPUTS 


GND [T 




I 










Outline 16P4 







BLOCK DIAGRAM 



STROBE F ,_ 
INPUT b V I 



SELECTION J s /^y 
INPUTS^ ■ l1U> 



H>- 



->o — i — |>o- 



-O-^I^ 



® Vco 




£ 



(5) Y 
(T) Y 



(t) GND 
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M74LS151P 









8-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER WITH STROBE 


FUNCTION TABLE (Note D 


s c 


S B 


S A 


G 


Do 


Di 


D 2 


D 3 


D 4 


D 5 


D 6 


D 7 


Y 


Y 


X 


X 


X 


H 


X 


X 


X 


X 


X 


' X 


X 


X 


L 


H 


L 


L 


L 


L 


L 


X 


X 


X 


X 


X 


X 


X 


L 


H 


L 


L 


L 


L 


H 


X 


X 


X 


X 


X 


X 


X 


H 


L 


L 


L 


H 


L 


X 


L 


X 


X 


X 


X 


X 


X 


L 


H 


L 


L 


H 


L 


X 


H 


X 


X 


x 


X 


X 


X 


H 


L 


L 


H 


L 


L 


X 


X 


L 


X 


X 


X 


X 


X 


L 


H 


L 


H 


L 


L 


X 


X 


H 


X 


X 


X 


X 


X 


H 


L 


L 


H 


H 


L 


X 


X 


X 


L 


X 


X 


X 


X 


L 


H 


L 


H 


H 


L 


X 


X 


X 


H 


X 


X 


X 


X 


H 


L 


H 


L 


L 


L 


X 


X 


X 


X 


L 


X 


X 


X 


L 


H 


H 


L 


L 


L 


X 


X 


X 


X 


H 


X 


X 


X 


H 


L 


H 


L 


H 


L 


X 


X 


X 


X 


X 


L 


X 


X 


L 


H 


H 


L 


H 


L 


X 


X 


X 


X 


X 


H 


X 


X 


H 


L 


H 


H 


L 


L 


X 


X 


X 


X 


X 


X 


L 


X 


L 


H 


H 


H 


L 


L 


X 


X 


X 


X 


X 


X 


H 


x 


H 


L 


H 


H 


H 


L 


X 


X 


X 


X 


X 


X 


X 


L 


L 


H 


H 


H 


H 


L 


X 


X 


X 


X 


X 


X 


X 


H 


H 


L 



Note 1 X : Irrelevant 



ABSOLUTE MAXIMUM RATINGS <Ta=- 20~ + 75-C. unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS (Ta = -20.~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-400 


/iA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5 — h15 


V 


V 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




■ -65- + 150 


°c 
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M74LS151P 



8-LINE TO 1-LINE DATA SELECTOR /MULTIPLEXER WITH STROBE 



ELECTRICAL CHARACTERISTICS (T a = -20- +-75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


V C c = 4.75V. | )C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V|=2V. I O h=-400a/A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V.V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c = 5.25V. V| = 2.7V 






20 


-"A 


V C c = 5.25V. V|-10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc-5.25V, Vo-OV 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




6 


10 


mA 



* : All typical values are at Vcc = 5V, T a =25°C. 
Note 2: All measurements should be done quickly. 
Note 3: Ice is measured with all inputs at 4.5V 



SWITCHING CHARACTERISTICS (Vcc = 5V.T a = 25X, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa, Sb. Sq to output V 


C L -15pF (Note 4)- 




10 


23 


ns 


tpHL 




15 


32 


11% 
ns 
ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa. Sb. Sq to output Y 




22 


43 


tPHL 




16 


30 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input G to output Y 




10 


24 


tPHL 




14 


30 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input G to output Y 




21 


42 


ns 


tPHL 




16 


32 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do ~~ D7 to output Y 




7 


21 


ns 


tPHL 




8 


20 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Drj^ D7 to output Y 




17 


32 


ns 


tPHL 




12 


26 


ns 



Note 4: Measurement circuit 



TIMING DIAGRAM (Reference=1.3V) 



Vcc 



c 


p 




f 


c 


PG 






DUT 








50Q P 


7 


T 


TT 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp = 3Vp.p # Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 



Do~D 7 
Sa~Sc 
G 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



f 



I 



tPLH 



-V- 



tPHL 



"I 



\ 



t 



tPLH 
-e ==» 
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DUAL 4-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER WITH STROBE 



DESCRIPTION 

The M74LS153P is a semiconductor integrated circuit 
containing two 4-line to 1-line data selector/multiplexer 
circuits. , 

FEATURES 

• Strobe inputs provided independently for each circuit 

• Selection inputs common to both circuits 

• Low output impedance 

• Wide operating temperature range (T a =—20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has two data selector circuits which provide 2-line 
to 1-line selection of 4 pairs of input signal using two multi- 
plexer circuits which convert the 4-bit parallel data into 
serial data with time-sharing. When 4-line signals are applied 
to the data inputs D 0r D lf D 2 and D 3 and 1 data is 
specified from among the data by selection inputs S A and 
S B; the input signal is output at Y. By applying 4-bit 
parallel data to D , Di , D 2 and D 3 , and connecting a syn- 
chronous divide-by-4 counter output to S A and S B , the 
D , D lf D 2 and D 3 data appear in the order of D , D^ 
D 2 and D 3 synchronized with the clock pulse. S A and S B 
are common to both circuits while strobe inputs 1G and 2G 
are independent. When 1G and 2G are set high, 1Y and 2Y 
are set low irrespective of the status of the input. 

M74LS153P has the same functions and pin connections 
as M74LS253P but the latter is provided with 3-state out- 
puts. 



PIN CONFIGURATION (TOP VIEW) 



STROBE F r-H 

INPUT ltj -» LL 



DATA 
INPUTS 



^J~ 



T| VcC 

771 «_ on STROBE 
I2J ^ b INPUT 



771 . e A SELECTION 
HJ ^ SA INPUT 




DATA 
INPUTS 



Outline 16P4 



FUNCTION 


TABLE (Note 1 » 








s B 


S A 


Do 


Di 


D 2 


D 3 


G 


Y 


X 


X 


X 


X 


X 


X 


H 


L 


L 


L 


L 


X 


X 


X 


L 


L 


L 


L 


H 


X 


X 


X 


L 


H 


L 


H 


X 


L 


X 


X 


L 


L 


L 


H 


X 


H 


X 


X 


L 


H 


H 


L 


X 


X 


L 


X 


L 


L 


H 


L 


X 


X 


H 


X 


L 


H 


H 


H 


X 


X 


X 


L 


L 


L 


H 


H 


X 


X 


X 


H 


L 


H 



Note 1 X : Irrelevant 



BLOCK DIAGRAM 
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M74LS153P 

DUAL 4-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER WITH STROBE 



ABSOLUTE MAXIMUM RATINGS (Ta= -20- +75X;. unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply'voltagp 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20- + 75TJ, un , e ss otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•OH 


High-level output current 


V H^2.7V 







-400 


M A 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


•Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 
- 1.5 


V 
V 

V 


Vic 


Input clamp voltage 


V C c=4.75V, lic=- 18mA 






V H 


High-level output voltage 


Vcc=4.75V, V, = 0.8V 
V|= 2 V. loH=-400/iA 


2.7 


3.4 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V|= 2 V 


Iol— 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


llH ' 


High-level input current 


V C c=5.25V, V| = 2.7V 






20 


juA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, V = V 


-20 




-100 


mA 


ice 


Supply current 


Vcc=5.25V (Note 3) 




6.2 


10 


mA 



* : All typical values are at Vcc = 5V, T a =25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

Note 3: Ice ' s measured with all inputs at 0V. 

SWITCHING CHARACTERISTICS (VCC = 5V, Ta=25^C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs D rj~ D 3 to output Y 




8 


15 


ns 


tpHL 




12 


26 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs S a. S b to output Y 


C L =15pF 

(Note 4) 




12 


29 


ns 


tpHL 




13 


38 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input G to output Y 




12 


24 


ns 


tpHL 




12 


32 


ns 



Note 4: Measurement circuit 
INPUT Vcc 



















DUT 




PG 














50 Q^ 


77 


7 


777 



C L 



(1 ) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, LEVELS OF 
V P = 3Vp.p,Z o = 50ft. 

(2) Ci_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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M74LS155P 

DUAL 2-BIT BINARY TO 4-LINE DECODER/DEMULTIPLEXER WITH STROBE 



DESCRIPTION 

The M74LS155P is a semiconductor integrated circuit 
containing two 2-bit binary to 4-line decoders/demulti- 
plexers. 

FEATURES 

• Low output impedance 

• Enable inputs provided 

• 8-bit output decoder/demultiplexer functions are pro- 
vided without the use of external components 

• Wide operating temperature range (T a =— 20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When a 2-bit binary number is decoded in quaternary 
numbers and the 2-bit binary number is applied to inputs 
D A and D B/ the corresponding Y ~Y7 output is set low 
and all the other 3 outputs are set high. In this case, enable 
inputs 1 E j and 2E X are kept high and low, respectively, 
and enable inputs 1E 2 and 2E 2 are kept low. When 1E^ 
and 2E 2 are set high, all the outputs are set high. When 
decoding a 3-bit binary number in octal numbers, 1Ej and 
2E 2 are connected and by applying the third bit binary 
number, the outputs appear in 2Y^~2Yj and 1 Yo~1Y7, in 
accordance with the function table. 



PIN CONFIGURATION (TOP VIEW) 




Outline 16P 4 



For use as a 1-line to 4-line demultiplexer, the outputs 
appear in Y ~Y 3 by making 1Ej and 2 Ej" the data inputs 
and D A and D B the selection inputs. For use as a 1-line to 
8-line demultiplexer, 1E X and 2B 1 are connected to make 
them the third bit selection input and 1E 2 and 2E7 are 
connected to make the data inputs so that the outputs 
appear in 2Y^"~2Y7 and 1 \V~1 Yj. 

M74LS155P has the same functions and pin connections 
as M74LS255P but the latter is provided with open col- 
lector outputs. 



BLOCK DIAGRAM 





o_ 



L ®- 




2E 2 



GND 



ENABLE INPUTS 



ENABLE INPUTS 
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M74LS155P 

DUAL 2-BIT BINARY TO 4-LINE DECODER/DEMULTIPLEXER WITH STROBE 



FUNCTION TABLE (NoteD 

(2-bit binary to 4-line decoder/1 line 
to 4-line demultiplexer) 



(3-bit binary to 8-line decoder/1 line 
to 8-line demultiplexer) 



D B 


D A 


1E 2 


1Ei 


1Y 


1Yi 


1Y 2 


1Y 3 




D B 


D A 


2E 2 


2El 


2Y 


2YT 


2Y 2 


2Y 3 
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X 


H 
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H 


H 
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L 
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H 
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E~ 


2Y 
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1Y 3 
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H. 
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H 
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H 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


H 


H 


H 


H 


H 


L 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 


H 


H 


L 



Note 1 X : Irrelevant 

Dc : Pin connecting 1 E -| and 2E-| 
E '. Pin connecting 1E 2 and 2I2 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75t, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5— + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




— 20— -I- 75 


t: 


Tstg 


Storage temperature range 




-65-4- 150 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75°C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


UA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~4-75°C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|^2V, Ioh=-400M 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c= 4.75V 
V1-O.8V, V| = 2V 


loi_=4mA 




0.25 


0.4 


V 


lot_=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c= 5.25V 
V| = 2. 7V 






20 


M A 


Vcc= 5.25V 
V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc= 5.25V, V o =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc=5.25V (Note 3) 




6.1 


10 


mA 



* : All typical values are at V C c = 5V,T a =25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time 

Note 3: Ice is measured with inputs 1E~7, 2E^ and 2E2 at OV and with Da, Db and 1 E ! at 4.5V 
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M74LS155P 

DUAL 2-BIT BINARY TO 4-LINE DECODER/DEMULTIPLEXER WITH STROBE 



SWITCHING CHARACTERISTICS (Vco=5V, Ta = 25iC, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level 
output propagation time, from inputs 
Da, Db t0 outputs Yo~ Y3 


delay gate stages 
2 


C L =15pF (Note 4) 




8 


15 


ns 


tpHL 




15 


30 


ns 


tpi_H 


delay gate stages 
3 




10 


26 


ns 


tpHL 




15 


30 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs IE2, 2E~7, 2Ei to outputs Yo~Y3 




8 


15 


ns 


tpHL 




11 


30 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 




17 


27 


ns 


tpHL 


time, from input 1 E 1 to outputs 1 Yq 


~1Y 3 




15 


27 


ns 



Note 4: Measurement circuit 

INPUT Vcc OUTPUT 



TIMING DIAGRAM (Reference level = 1.3V) 

j 



DajDbJEj^ 

1E2.2E1.2E2 



=F°L 



Ttr 7tr rtr 

(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz,t r =6ns,t f =6ns,t w =500ns ( Vp=3V P . P , Z =50n. 

(2) C|_ includes probe and jig capacitance 

APPLICATION EXAMPLE 
4-phase clock pulse generator 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



/ 



tpHL 



tPHL 



V 



/ 



M74LS155P 




Yo 



Y 2 



Y3 
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M74LS156P 

DUAL 2-BIT BINARY TO 4-LINE DECODER/DEMULTIPLEXER 

WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS156P is a semiconductor integrated circuit 
containing two 2-bit binary to 4-line decoders/demulti- 
plexers with open collector outputs 

FEATURES 

• Usable in AND Tie connection 

• Enable inputs provided 

• 8-bit output decoder/demultiplexer function is provided 
without the use of external components 

• Wide operating temperature range (T a =— 20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL pESCRIPTION 

When a 2-bit binary number is decoded as a quaternary 
number and the 2-bit binary number is applied to inputs 
D A and D B/ the corresponding Y ~Y 3 output is set low 
and all the other 3 outputs are set high. In this case, enable 
inputs 1 Ej and 2Ej are kept high and low, respectively, 
and enable inputs 1E 2 and 2E 2 are kept low. When 1E^ 
and 2E7 are set high, all the outputs are set high. When 
decoding a 3-bit binary number in octal numbers, 1Ej and 
2E 2 are connected and by applying the third bit binary 
number to them, the outputs appear in 2Y ~2Y 3 and 
1 Y ~1Y 3 , in accordance with the function table. 



PIN CONFIGURATION (TOP VIEW) 



ENABLE 
,H INPUTS 




OUTPUTS 



* OPEN COLLECTOR OUTPUT 



Outline 16P4 



For use as a 1-line to 4-line demultiplexer, the outputs 
appear in Y ~Y 3 by making 1 E x and 2Ei the data inputs 
and D A and D B the selection inputs. For use as a Mine to 
8-line demultiplexer, 1 E x and 1E X are connected to to be 
made the third bit selection input and 1 E 2 and 2E 2 are 
connected to be made the data inputs so that the outputs 
appear in 2Y^~2Y7 and 1 Y^~1 Yj. 

M74LS156P has the same functions and pin connections 
as M74LS1 55P but the latter is provided with active pull-up 
resistor outputs. 



BLOCK DIAGRAM 



2Y 2Yi 2Y 2 2Y 3 V CC 
T) (io) (Tr) (12) © 




GND 



* OPEN COLLECTOR OUTPUT 
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M74LS156P 

DUAL 2-BIT BINARY TO 4-LINE DECODER/DEMULTIPLEXER 

WITH OPEN COLLECTOR OUTPUT 



FUNCTION TABLE <Noteu 

(2-bit binary to 4-line decoder/1 line 
to 4-line demultiplexer) 



(3-bit binary to 8-line decoder/1 line 
to 8 line demultiplexer) 



D B 


D A 


1E 2 


1Ei 


1Y 


1Y? 


1Y 2 


1Y 3 




D B 


D A 


2E 2 


2E, 


2Y 


2Yt 


2Y2~ 


2Y 3 


X 


X 


H 


X 


H 


H 


H 


H 


X 


X 


H 


X 


H 


H 


H 


H 


L 


L 


L 


H 


L 


H 


H 


H 


L 


L 


L 


L 


L 


H 


H 


H 


L 


H 


L 


H 


H 


L 


H 


H 


L 


H 


L 


L 


H 


U 


H 


H 


H 


L 


L 


H 


H 


H 


L 


H 


H 


L 


L 


L 


H 


H 


L 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


L 


X 


X 


X 


L 


H 


H 


H 


H 


X 


X 


X 


H 


H 


H 


H 


H 



Dc 


D B 


Da 


E 


2Y 


2Y, 


2Y 2 


2Y 3 


1Y 


1Yi 


1Y 2 


1Y 3 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


L 


L 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


H 


H 


H 


H 


H 


L 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H. 


H 


H 


H 


L 



Note 1.x: Irrelevant 

Dc : Pin connecting 1 E 1 and 2E-| 
E • Pin connecting 1 E2 and 2E2 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~ + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vl 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75U, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max • 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V =5.5V 







100 


M A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS Oa = -20 


— +75°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


. Limits 


Unit 


Min 


Typ * 


Max 


V, H 


High-level input voltage 


' l 


2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


I OH 


High-level output current 


V C c=4.75V, V| = 0.8V 
V| = 2V, V =5.5V 






100 


jjA 


Vol 


Low-level output voltage 


V C c= 4.75V 

V| = 0.8V, V| = 2V 


IOL := 4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c=5.25V, V| = 2.7V 






20 


juA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


ice 


Supply current 


Vcc= 5.25V (Note 2) 




6.1 


10 


mA 



* : All typical values are at V cc = 5V, T a = 25°C. 

Note 2: l cc is measured with inputs 1 E^, 2E~7and 2E^ at 0V and with D A , D B and 1E-, at 4.5V 
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M74LS156P 

DUAL 2-BIT BINARY TO 4-LINE DECODER/DEMULTIPLEXER 

WITH OPEN COLLECTOR OUTPUT 



SWITCHING CHARACTERISTICS (Voo=5V, Ta = 25t;, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpi_H 


Low-to-high-level , high-to-low-level 
output propagation time, from 
inputs Da, Db to outputs Yo~Y3 


delay gate stages 
2 


R L =2kQ 
C L -15pF 
( Note 3 ) 




18 


40 


ns 


tpHL 




18 


51 


ns 


tpi_H 


delay gate stages 
3 




20 


46 


ns 


tpHL 




18 


51 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs IE2, 2Ei, 2 E 2 to outputs Yrj~Y3 




16 


40 


ns 


tpHL 




20 


51 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 




20 


48 


ns 


tpHL 


time, from input 1 E 1 to outputs 1Yq — IY3 




25 


48 


ns 



Note 3: Measurement circuit 



INPUT Vcc 

9 9 



50 Q : 



Vcc OUTPUT 

9 9 



: r l 



TIMING DIAGRAM (Reference level = 1.3V) 



Da.DbJE^ 
1E 2 ,2Ei,2E 2 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



/ 



tPLHJ 



V 



\ 



J 

tpLH 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r =6ns, t f =6ns, t w =500ns, V P = 3V P . P , Z = 50^. 

(2) C L includes probe and jig capacitance 



APPLICATION EXAMPLE 

4-bit binary/hexadecimal decoder/demultiplexer 

OUTPUTS 



Yo Y, Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 



1Y 1Yi1Y 2 1Y 3 2Y 2Y 1 2Y 2 2Y 3 

M74LS156P 
(M74LS155P) 



1E2 1ET D B .D A 2E 2 2Et 

TT-| \ — \ n-rr 



A 



Y 8 Y 9 YioYn Yi2Yi 3 Y 14 Yi5 

ii-U 1111 



1Y 1Y,1Y 2 1Y 3 2Yo2Y!2Y 2 2Y3 

M74LS156P 
(M74LS155P) 



1 /£M74LS04P 



1E 2 1E! D B D A 2E 2 2Et 



D A D b D c D d E ' 

^ v " ENABLE INPUT 
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M74LS157P 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS 



DESCRIPTION 

The M74LS157P is a semiconductor integrated circuit 
containing four 1-line to 2-line data selector/multiplexer 
circuits. 

FEATURES 

• Common strobe input for all 4 circuits 

• Common select input for all 4 circuits 

• Low output impedance 

• Wide operating temperature range (T a = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has 4 circuits, each of which has a data selection 
function which selects one-line out of a 2-line signal and a 
multiplexing function to convert 2-bit parallel data into 
serial data by time sharing. When 2-line signals are fed to 
at inputs D and D-! and one of these is specified by the 
selection input S A , the specified input signal is selected 
taken from output Y. The Sa and strobe inputs are com- 
mon to all 4 circuits. When G is high, all the outputs, 1Y, 
2Y, 3Y, and 4Y are low, regardless of the inputs. 

M74LS157P has the same functions and pin connections 
as M74LS257P but the latter is provided with 3-state 
outputs. 



PIN CONFIGURATION (TOP VIEW) 


SELECT S _> [J 
INPUT A L-L. 

flDo — * [J 

DATA 1 ■— 

inputs U-u 

OUTPUT 1Y +- \J_ 

(2Do -> [7 
DATA I 
INPUTS } nn r— 
[2D, — [J 

OUTPUT 2Y «- [7 

GND \± 


^ 




Te\ Vcc 

771 ^ ~T~ STROBE 
i£J *~ U INPUT 

U\ <- 4D 1 
— ' I DATA 
TTI INPUTS 
_13] *- 4D1J 

T5] -♦ 4Y OUTPUT 

TTI <- 3D ] 

HI I DATA 

, f INPUTS 

To] *- 3DiJ 

T] — ► 3Y OUTPUT 




1 




id Sa g 

1Di 4D 

1Y 4Di 

2D 4Y 

2Di 3D 

2Y 3Di 
3Y 






I 






Outline 16P4 





FUNCTION TABLE (Notei) 




g" 


S A 


Do 


D1 


Y 


H 


X 


X 


X 


L 


L 


L 


L 


X 


L 


L 


L 


H 


X 


H 


L 


H 


X 


L 


L 


L 


H 


X 


H 


H 



Note 1: X I irrelevant 



BLOCK DIAGRAM 




— £H$ — ®-® — <& 

3Do 3Dj 4Dp 4Di j g 



DATA INPUTS 



STROBE 
INPUT 



Vcc 
"(16) 
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M74LS157P 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS 



ABSOLUTE MAXIMUM RATINGS (Ta= -20- +75V, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- +15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°C 


Tstg 


Storage temperature range 




-65- +150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


^A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20- + 75C, unless otherwise noted) 



* I All typical values are at V C c = 5V, Ta = 25°C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 3: Ice is measured with all inputs at 4.5V. 

SWITCHING CHARACTERISTICS (V CC =5V, Ta = 25°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C C=4.75V, V| = 0.8V 
V| = 2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C C=4.75V 

V| = 0.8V, V| = 2V 


IOL=4mA 




0.25 


0.4 


V 


Iol=8itiA 




0.35 


0.5 


V 


llH 


High-level input current 


Do, Di 


V C c=5.25V 
V| = 2.7V 






20 


Vt\ 


Sa, G 






40 


Do, Di 


Vcc=5.25V 
V|=10V 






0.1 


mA 


r S A , G 






0.2 


IlL 


Low-level input current 


Do, Di 


V CC =5.25V 
V| = 0.4V 






-0.4 


mA 


S A , G 






-0.8 


los 


Short-circuit output current (Note 2) 


V C C=5.25V, V = V 


-20 




-100 


mA 


lec 


Supply current 


V C c= 5.25V (Note 3) 




9.7 


16 


mA 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Do, Di tooutput Y 




7 


14 


ns 


tpHL 




9 


14 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Sa to output Y 


C|_=15pF (Note 4) 




11 


23 


ns 


tPHL 




14 


27 


ns 


tPLH 


Low- to-high-level, high-to-low-level output propagation 
time, from input G~ tooutput Y 




12 


20 


ns 


tPHL 




12 


21 


ns 



Note 4: Measurement circuit 

INPUT Vcc OUTPUT 



PG 



50Q| 



TIMING DIAGRAM (Reference level = 1.3V) 

Sa.g" f 

D0.D1 — 



tCl 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz,t r = 6ns, tf = 6ns, t w = 500ns, 
V P - 3Vp. P , Z = 50ft 

(2) Cl includes probe and jig capacitance. 



V 



tPHL 
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M74LS158P 

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER (INVERTED) 



DESCRIPTION 

The M74LS158P is a semiconductor integrated circuit 
containing four 2-line to 1-line data selector/multiplexer 
circuits. 

FEATURES 

• Converted outputs provided 

• Strobe inputs provided independently for each circuits 

• Selection inputs common to four circuits 

• Low output impedance 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This IC has four data selector circuits which provide 2-line 
to 1-line selection for 4 pairs of signals using four multi- 
plexer circuits which convert the 2-bit parallel data into 
serial data with time-sharing. When 2-line signals are applied 
to the data inputs D and D 2 and 1 data is specified from 
among the data from selection input S A , the input signal is 
inverted and can be output at Y. By applying 2-bit parallel 
data to D and D 1 , and connecting a binary counter output 
to S A , the D and Di data are inverted and appear in the 
order to D and D t synchronized with the clock pulse. 
S A and strobe input G are common to all four circuits. 
When G is set high, 1 Y, 2Y, 3Y and 4Y are set high ir- 
respective of the status of the inputs. 

M74LS158P has the same functions and pin connections 



PIN CONFIGURATION (TOP VIEW) 


selection c.. rr 

INPUT SA ^ Ll 

DATA I '— 

inputs W- n. 

OUTPUT 1Y"*- [l 

(200-" [I 
DATA I 
INPUTS i __ rr- 

l2Di— ► L§. 

OUTPUT 2V ,<— Q. 
GND E 


^-/ 




7e] v cc 




1 




id Sa g 

IDi 4D 
1Y 4Di 

2D 4Y 
2Dt 3D 
2Y 3Y 3 D1 




15] «-G 
U] «-4D ' 
T3J *-4Di, 
12] -♦ 4Y 
TT| - 3Do' 
10] *-3D 1 . 


STROBE 
INPUT 

DATA 
INPUTS 

OUTPUT 

DATA 
INPUTS 




Y 




T] -♦3Y OUTPUT 




Outline 16P4 







FUNCTION TABLE (Noteu 



"G 


S A 


Do 


D1 


Y 


H 


X 


X 


X 


H 


L 


L 


L 


X 


H 


L 


L 


H 


X 


L 


L 


H 


X 


L 


H 


L 


H 


X 


H 


L 



Note 1 X '• Irrelevant 



as M74LS258P but the latter is provided with 3-state 
outputs. 



BLOCK DIAGRAM 




GND 



DATA INPUTS 



STROBE SELECTION 
INPUT INPUT 
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M74LS158P 



QUADRUPLE 2-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER (INVERTED) 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5 — h 15 


V 


v 


Output voltage 


High-level state 


-0.5- + 7 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


■c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = 



-75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.7V 







-400 


A* A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20-+75r, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V| = 2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V| = 2V 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Do, Di 


V C c= 5.25V 
V| = 2.7V 






20 


^A 


S A . G 






40 


Do, Di 


V C c= 5.25V 
V|=10V 






0.1 


mA 


s A . g 






0.2 


IlL 


Low-level input current 


• Do, Di 


V C c=5.25V 
V| = 0.4V 






-0.4 


mA 


S A . G 






-0.8 


los 


Short-circuit output current (Note 2) 


V C c= 5.25V, V = V 


-20 




-100 


mA 


ICCH 


High level Supply current 


V C C= 5.25V (Note 3) 




4.8 


8 


mA 


ICCL 


Low-level supply current 


V C c= 5.25V (Note4) 




6.5 


11 


mA 



* : All typical values are at V CC =5V, T a =25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

Note 4: The supply current should be measured with 1 Dq~4D at 4.5V and the other inputs at OV. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta=25r, unless otherwise noted) 



Note 3: Ice is measured with all inputs at 4.5V. 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do, Di to output Y 


C L =15pF (Note 5) 




5 


12 


ns 


tPHL 




5 


12 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Sa to output Y 


' 


9 


20 


ns 


tPHL 




10 


24 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input G to output Y 




8 


17 


ns 


tPHL 




8 


18 


ns 



Note 5: Measurement circuit 

INPUT Vcc OUTPUT 



TIMING DIAGRAM (Reference level = 1.3V) 



c 


> 


I 


c 


PG 






DUT 




50Q^ 


1 


TT 



=r c i_ 



S A ,G 
Do.Dt — 

LEVELS OF 

(1 ) The pulse generator (GP) has the following characteristics: DELAY 2 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, ~~ 
Vp = 3Vp. P ,Z o = 50ft. LEVELS OF" 

(2) C|_ includes probe and jig capacitance. DELAY 3 



I 



\ 



\ 
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SYNCHRONOUS PRESETTABLE DECADE COUNTER WITH DIRECT RESET 



DESCRIPTION 

The M74LS160AP is a semiconductor integrated circuit 
containing a presettable synchronous decade counter func- 
tion with a direct reset input; 

FEATURES 

• Direct reset and synchronous preset inputs 

• Carry output and enable input for cascade connection 

• High-speed counting (f ma x = 55MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When the count pulse is applied to clock input T, the 
number of count pulses appears as a BCD code in the 
outputs Qa, Qb, Qc and Qd synchronized with the count 
pulse. Counting is done when T changes from low to high. 

Presetting is performed to synchronize the count pulse. 
When data are applie d to th e data inputs Da, Db, Dc and 
Dd, the load input LOAD is made low and T is changed 
from low to high, the signals Da, Db, Dc and Dd appear at 
the Qa, Qb, Qc and Qd outputs, respectively, regardless of 
the status of enable inputs Ep and Et, thereby presetting 
the counter. 

When the counter is preset to a numerical value of 10 or 
more, counting proceeds in accordance with the status 
transition diagram. 

Resetting is asynchronous. Qa, Qb, Qc and Qd are set 
low by setting direct reset input Rd low, regardless of the 
status of the other inputs. 



PIN CONFIGURATION (TOP VIEW) 


DIRECT RESET — ,— 
INPUT RD-*LJ_ 

CLOCK INPUT T -* V7 


^ 




lU Vcc 

— i __ CARRY 
15J -♦RCO OUTPUT 




A 




t Rd rco 






'Da-»|T 




D A Qa 




E^qa * 




DATA INPUTS • 


Db-> [7 
Dc- [7 




D B Qb 
Dc Qc 




13)— Qb 
U-Qc 


• OUTPUTS 




D D - [7 




D D Qd 




n]— Qd ^ 




ENABLE INPUT Ep-» [7 
GND [F 




Load 




To] 4-E T ENABLE INPUT 
J] «-L0AD LOAD INPUT 




Y 






Outline 16P4 



Carry output RCO is high only when Qa is high, Qb is 
low, Qc is low, Qd is high and Ej is high. Ep, Et and 
RCO are used for synchronous counter cascade connection 
and for configuration of a divide-by-10 n counter. (Refer to 
the application examples.) 



BLOCK DIAGRAM 



OUTPUTS 




© 



T r d 

CLOCK DIRECT LOAD 

INPUT REST INPUT INPUT 



GND 



ENABLE INPUT 



V 

DATA INPUTS 
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STATE DIAGRAM 




OPERATION TIMING DIAGRAM 



Rd 



LOAD 
D B _J~ 

D C _JT 



Ep . 



Qb Z ' 
Qc " 
Qd Z 

RCO 



urunjn_jTji_rxjTjnji^ij~LrLr" 



tc: 



iL. 



tt; 



FUNCTION TABLE (Note D 



Rd 


LOAD 


E T 


E P 


T 


Oa 


Ob 


Qc 


Qd 


RCO 


L 


X 


X 


X 


X 


L 


L 


L 


L 


L 


H 


L 


L 


X 


T 


D A 


D B 


D C 


D D 


L 


H 


L 


H 


X 


T 


L* 


H 


H 


H 


H 


T 


Count 


L* 


H 


H 


L 


X 


X 


Inhibit 


L 


H 


H 


H 


L 


X 


Inhibit 


L* 



Notel. | : Transition from low to high (positive edge 

trigger) 

* : RCO is normally low but is high when Q A is 

high, Q B is low, Qq is low, Qq is high and E T 

is high. Therefore, RCO = Q A 'Q^'Q^"'Q D «E T 

X '. Irrelevant 



U tk 



RESET PRESET 



COUNT INHIBIT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75"C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-+ 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a --20~+75°C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage - 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


Vo ^2.7V 







-400 


/uA 


lOL 


Low-level output current 


V O |_^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20~4-75 o C , unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


YlL 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


V C c = 4.75V. l| = -18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V 
V| = 2V, Ioh=-40G>A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V. V| = 2V 


l0L=4mA 




0.25 


0.4 


V 


Iol =8mA 




0.35 


0.5 


V 


l|H 


High-level input current 


Da, Db, Dc, Dd, Ep 


Vco = 5.'25V. V| = 2.7V 






20 


V* 


LOAD, T.Et 






40 


Rd" 






20 


Da, Db, Dc, Dd, Ep 


Vcc = 5.25V, V|=10V 






0.1 


mA 


LOAD, T, Et 






0.2 


Rd 






0.1 


IlL 


Low-level input current 


Da, Db, Dc, Dd, Ep 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


LOAD.T, Et 






-0.8 


Rd 






-0.4 


■os 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V =OV 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


Vco = 5.25.V (Note 3) 




18 


31 


mA 


ICCL 


Supply current, all outputs low 


V C c = 5.25V (Note 4) 




19 


32 


mA 



* : All typical values are at Vcc = 5V,Ta = 25°C. 
Note 2. All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 3. Icch is measured with D A ,D B( D C ,D D ,E P ,E T , and FTp at 4.5V, LOAD at 0V, and T set from 0V to 4.5VA 
Note 4. I CCL is measured with D A ,D B ,D C ,D D , E P , E T and R£, LOAD at 0V and T set from 0V to 4.5V. 



SWITCHING CHARACTERISTICS (V CC =5V, T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =l5pF 
(Note 5) 


25 


55 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input T to output RCO 




20 


35 


ns 


tpHL 




20 


35 


ns 


tPLH 


Lwo-to-high-level, high-to-low-level output propagation time 
(when LOAD is high), from input T to outputs Qa, Ob, O-O O-D 




12 


24 


ns 


tpHL 




16 


21 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation time 
(when LOAD is low), from input T to outputs Qa. Qb. Qc O-D 




12 


24 


ns 


tPHL 




16 


27 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input E T to output RCO 




8 


14 


ns 


tPHL 




8 


14 


ns 


tPHL 


High-to-low- level output propagation time, from input Rd 
outputs Qa.Qb.Qc.Qd 




15 


28 


ns 



TIMING REQUIREMENTS (v 00 =5v. T a =25-c. 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




25 


7 




ns 


tw(TL) 


Clock input T low pulse width 


25 


6 




ns 


tw(R5) 


Direct reset Rq pulse width 


20 


6 




ns 


tr 


Clock pulse rise time 




400 


100 


ns 


tsu(D) 


Setup time Da~ Dq to T 


20 


3 




ns 


tsu(LOAD 


Setup time LOAD toT (Note 8) 


20 


6 




ns 


tsu(E) 


Setup time Ep, EytoT 


20 


8 




ns 


th(D) 


Hold time Da~ Dq to T 


3 







ns 


th(LOAD) 


Hold time LOAD to T (Note 8) 


3 


-3 




ns 


th(E) 


Hold time Ep, Et to T 


3 


-3 




ns 


trecCRo") 


Recovery time R d to T 


15 


6 




ns 
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Note 5. ' Measurement circuit 



Vcc 



50Q; 



OUTPUT 
O 






(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3V P .p, Zo = 50f2. 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(Ro) 



Rd 



X 



Qa.Qb.Qc.Qd 



1 

J 



trec(RD) 



I 



Et 



.RCO 



/ 



\ 



tpLH 



. tpHL 



tPHL 



\ 



I 



£ 



Qa, Qb, Qc, Od 
RCO 



tw(TH) 



tw(TL) 



\ / 



i 



tPLH 



Da. Db . Dc, Dd// 
LOAD Jl 



\ 



r 



V 



tPHL 



tsu(D) th(D) 

^suCload) ^(LOAD) 



£ 



tsu(D) ^(D) 

tsU(LOAD) thCLOAD) 



Note 7. When the clock input T does not satisfy these 
standards, an incorrect counting operation may 
result. 

Note 8. When the load input LOAD setup time and hold 
time are not satisfied, the incorrect data may be 
preset. (When LOAD changes within ± 5ns of 
the LOAD input transition from low to high, 
presetting may be made to low when the data 
input is high.) 

APPLICATION EXAMPLE 
Cascade-connected divided-by-10 n counter 
• Low-speed connections 

* t t t t 



r^ t 



e " e -5 



11 



I 



tsu(E) th(E) t SU (E) th(E) 

Note 6. The shaded areas indicate when the input is per- 
mited to change for predictable output perform- 
ance. 



H 



ENABLE INPUT - 



COUNT PULSES- 



LOAD Q A 
Ep 



Oc Qd 

M74LS160AP 

E T RCO 



Rd Da Db Dc D d 



O-E, 



X 1- t M 



LOADOa Ob Qc Qd 



M74LS160AP 

Et RCO 



Rd D a Db Dc Dp 

n i i i 



x-t 1 1 t 



H LOADQa Qb Qc Qd 

°* Ep M74LS160AP 

E T RCO 



Rd Da Db Dc Do 



-TO FOLLOWING STAGES 



TTTT 



-*-TO FOLLOWING STAGES 



• High-speed connections 

mi 



LOAD Qa 
HO- E P 



ENABLE INPUT -=»- 



COUNT PULSE ^- 



Qc Qd 



M74LS160AP 

E T RCO 

T 
Rp Da Db Dc Dp 

Villi 



X 1 1 M 



LOAD Qa Qb Qc Qd 

Ep M74LS160AP 

E T RCO 



Rd D a D b D c D d 

TTTTT 



*■ t f I 1 



LOADQa Qb Qc Qd 

Ep M74LS160AP 

E T RCO 



Rd D a D b D c Dd 

TTTTT 



Attn 



-*► TO FOLLOWING 
STAGES 



LOAD Qa Qb Qc Qd 

Ep M74LS160AP 

E T RCO 

T 
Rd D a D b Dc D d 

T 



TT 



-TO FOLLOWING 
STAGES 



-^JO FOLLOWING 
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DESCRIPTION 

The M74LS161AP is a semiconductor integrated circuit 
containing a synchronous presettable 4-bit binary (hexa- 
decimal) counter with direct reset input. 

FEATURES 

• Direct reset and synchronous preset inputs 

• Enable input and carry output for cascaded operation 

• High-speed counting (f max = 55MHz typical) 

• Wide operating temperature range (T a = -20 ~ 75 C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPITON 

When a counting pulse is applied to the T input, the 4-bit 
binary representation of the count is output at Qa, Ob, O c 
and Q D in synchronization with the count pulse. Counting 
is done on the transition of the T input signal from low to 
high. 

Presetting is accomplished in synchronization with the 
counting pulse. When preset data is applied to the Da, 
D B , Dc and D D inputs, the load input LOAD is made 
low, and T is changed from low to high, this data will 
appear in the Q A , Qb, Qc and Q D outputs, respectively 
regardless of the status of the enable inputs E P and E T/ 
thereby presetting counter. 

Resetting is performed asynchronously by setting the 
direct reset input R^ to low at which time the Q A , Q B , Q c 
and Q D outputs go to low-level regardless of the states of 



PIN CONFIGURATION (TOP VIEW) 


DIRECT RESET p- fT- 
INPUT Rd ~* LL 

CLOCK INPUT T -* [T 


^ 




JD Vcc 

__, RIPPLE 
15|->RC0 CARRY 
— ' . OUTPUT 




n 




t Rd rco 






'd a -*[T 




Da Qa 




E-Qa ' 




DATA INPUTS < 


Db-» [T 
Dc— [T 




D b Qb 
Dc Qc 




13] -Qb 
lU-Qc 


' OUTPUTS 




_D D -> [? 




D D Qd 




J3 ->Qd ^ 




ENABLE INPUT Ep-* [7 
GND [T 




Ep E T 
LOAD 




Tol 4-et enable 

— ' ' INPUT 

"2] *~LOAD LOAD INPUT 




Y 






Outline 16P4 



the other inputs. 

The ripple carry output RCO is high only when all Q 
outputs and E T are high. The two enable inputs Ep and 
Ej and the RCO carry output can be used to form an 
n-bit synchronous counter by means of cascade connec- 
tion of several ICs (refer to the application example for 
theM74LS160AP). 



BLOCK DIAGRAM 



Qa 



Qb 



a 




4^J 




£L 



,:.t Rd 

CLOCK DIRECT 



-<A> 



Dc 



Dd 



INPUT ENABLE INPUTS 



DATA INPUTS 
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FUNCTION 


TABLE (Notei 












Rd 


LOAD 


Et 


E P 


T 


Qa 


Qb 


Qc 


Qd 


RCO 


L 


X 


X 


X 


X 


L 


L 


L 


L 


L 


H 


L 


L 


X 


t 


D A 


D B 


D C 


D D 


L 


H 


L 


H 


X 


T 


L* 


H 


H 


H 


H 


t 


Count 


L* 


H 


H 


L 


X 


X 


Inhibit 


L 


H 


H 


H 


L • 


X 


Inhibit 


L* 



Note 1: | I Indicates a transition from low to high (positive edge triggering). 

* .' RCO is normally low but is high when all Q outputs and Ey are high 

simultaneously, i.e., RCO = Qa * Qb'Qc'Qd'Et 
X '. irrelevant 



OPERATION TIMING DIAGRAM 



LOAD 
D A _ 
Db 



Dc_J~ 



T 
Ep 

Et 
Qa ; 

q b ; 
qc ; 
q d ; 

RCO 



i_niJnjTjnjijTjiJiJTJ-Ln_n_r 



V 



jj. 



tjt: 




ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0. 5-4-7 


V 


Vi 


Input voltage 




-0.5- 4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




- 20 - 1- 75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a --20~4-75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


V OH ^2.7V 







-400 


^A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 


. 




8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta = -20- + 75T, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ* 


Max 


V|H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. l| C = -18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V. V| = 0.8V 
V| = 2V. Ioh=-40G>A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 

V| = 0.8V. V| = 2V 


Iol — 4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Da, Db, Dc, Dd, Ep 


V C c = 5.25V. V|=2.7V 






20 


■/iA 


LOAD, T.Et 






40 


Rd 






20 


Da, Db, Dc, Dd, Ep 


Vcc = 5.25V, V t =10V 






0.1 


mA 


LOAD, T.Et 






0.2 


Rd 






0.1 


IlL 


Low-level input current 


Da, Db, Dc, Dd, Ep 


Vcc = 5.25V. V| = 0.4V 






-0.4 


mA 


LOAD, T, Et 






-0.8 


Rd 






-0.4 


•os 


Short-circuit output current (Note 2) 


Vcc = 5.25.V.V o =0V 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


V C c = 5.25V (Note 3) 




18 


31 


mA 


'CCL 


Supply current, all outputs low 


V C c = 5.25V (Note 4) 




19 


32 


mA 



* : Typical values are for Vcc=5V and T a =25°C 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

3: Measurement of the high-level power supply current is performed with all data inputs, E P , E T and R~d at 4.5V and the LOAD input at OV, changing the T input 

from 0V to 4.5V. 
4: Measurement of the high-level power supply current is performed with all data inputs, E P , E T , Rq and LOAD at 0V, changing the T input from 0V to 4.5V. 



SWITCHING CHARACTERISTICS (v C c=5v,T a = 


25°C , unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF 

(Note 5) 


25 


55" 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input T to output RCO 




20 


,35 


ns 


tPHL 




20 


35 


ns 


tPLH 


Lwo- to-high-level, high-to-low-level output propagation time 
(when LOAD is high), from input T to outputs Q A , Qb< Q-O Qd 




12 


24 


ns 


tPHL 




16 


27 


ns 


tPLH 


Low-to-high-level, high-tp-low-level output propagation time 
(when LOAD is low), from input T to outputs Qa, Ob. q C q D 




12 


24 


ns 


tPHL 




16 


27 


ns 


tPLH 


Low-to-high-level, high- to-low-level output propagation time, 
from input Ej to output RCO 




8 


14 


ns 


tPHL 




8 


14 


ns 


tPHL 


High-to-low-level output propagation time, from input T^d 
outputs Qa, Qb. Qc Qd 




15 


28 


ns 



TIMING REQUIREMENTS (Vcc-5V. Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




25 


7 




ns 


tw(TL) 


Clock input T low pulse width 


25 


6 




ns 


tw(RB) 


Direct reset R d pulse width 


20 


6 




ns 


tr 


Clock pulse rise time 




400 


100 


ns 


tsU(D) 


Setup time Da~ Dq to T 


20 


3 




ns 


tsiKLOAD 


Setup time LOAD toT (Note 8) 


20 


6 




ns 


l SU(E) 


Setup time Ep, Ej to T 


20 


8 




ns 


th(D) 


Hold time Da— Do to T 


3 


.0 




ns 


th(LOAD) 


Hold time LOAD to.T (Note 8) 


3 


-3 




ns 


th(E) 


Hold time Ep, Et to T 


3 


-3 




ns 


trec(Rb~) 


Recovery time R d to T 


15 


6 




ns 
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Note 5: Measurement circuit 



Vcc OUTPUT 

p 



50Q : 



17T 



W 



(1 ) The pulse generator (PG) has the following characteristics: 
: Cl PRR = 1 MHz. t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3V P .p,Z o = 50a 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(TH) t W (TL) 



. Qa, Ob, Oc, Qd 
RCO 



\ / 



J 

tpLH 



/ \ i 



tpHL 



Da, Db . Dq, D d 
LOAD 



w 



J 



?i. 



Rd 



~\_ 



Qa.Qb.Qc.Qd 



tw(R D ) 



tsu(D) th(D) 

tsu(LOAD) thCLOAD) 



fL 



tsu(D) th(D) 
^suCload) the load) 



_f 



trec(R D ) 

<? => 



r~\ 



E P , E T 



a 



T 



\ 



I 



J 



I 



I 



l SU(E) th(E)' Isu(E) th(E). 

Note 6. The shaded area indicates the period within which switch- 
ing may take place. 



Et 


1 


L 








RCO 


i 






tpLH 



V 



\ 



tpHL 



APPLICATION EXAMPLE 
Programmable divider 



ENABLE INPUT 
COUNT PULSE **- 



LOAD Qa 

. ri Ep 



RESET INPUT -3^- 



Rd 

T 



3 Qc Qd 
M741LS161AP RCO 

D A DbDcDd 



1 i r 



I 1/ 4 M74LS02P 

-RESET INPUT 
► OUTPUT 



Note 7: Reset is performed by applying countpulse with reset input 

high. Rq pin cannot be used since Qa~Qd should be set low. 



Da 


Db 


Do 


Dd 


Divide 
rate 


L 


L 


L 


L 


1/16 


H 


L 


L 


L 


1/15 


L 


H 


L 


L 


1/14 


H 


H 


L 


L 


1/13 


L 


L 


H 


L 


1/12 


H 


L 


H 


■L 


1/11 


L 


H 


H 


L 


1/10 


H 


H 


H 


L 


1/9 


L 


L 


L 


H 


■ 1/8 


H 


L 


L 


H 


1/7 


L 


H 


L 


H 


1/6 


H 


H 


L 


H 


1/5 


L 


L 


H 


H 


1/4 


H 


L 


H. 


H 


1/3 


L 


H 


H 


H 


1/2 
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DESCRIPTION 

The M74LS162AP is a semiconductor integrated circuit 
containing a synchronous presettable decade counter func- 
tion with a synchronous reset jnput. 

FEATURES 

• Synchronous reset and preset inputs 

• Carry output and enable input for cascade connection 

• High-speed counting (f m ax= 55MHz typical) 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When the count pulses are applied to clock input T, the 
number of count pulses appears as a BCD code in the 
outputs Q A , Q B , Qc/ Qd synchronized with the count 
pulses. Counting is done when T changes from low to high. 

Presetting is performed to synchronize the count pulse. 
When data are applied to the data inputs Da, Db, Dc and 
Dd, the load input LOAD is made low and T is changed 
from low to high, the signals Da, Db, Dc and Dd appear at 
the Qa, Qb, Qc and Qd outputs, respectively, regardless of 
the status of enable inputs Ep and Ey, thereby presetting 
the counter. When the counter is preset to a numerical 
value of 10 or more, counting proceeds in accordance with 
the status transition diagram. 

Resetting is synchronized with the count pulses. Qa, 
Qb, Qc and Qd are set low by setting reset input R low 
and by changing T from low to high. 

Carry output RCO is high only when Qa is high, Qb is 



PIN CONFIGURATION (TOP VIEW) 




Outline 16P4 



low, Qc is low, Qd is high and Et is high. Ep, Ej and RCO 
are used for synchronous counter cascade connection and 
for configuration of an n-bit counter. (Refer to the applica- 
tion examples of the M74LS160AP.) 



BLOCK DIAGRAM 



OUTPUTS 




CLOCK RESET 
INPUT INPUT 



INPUT ENABLE INPUTS 



DATA INPUTS 
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STATE DIAGRAM 



FUNCTION TABLE (Notei) 




OPERATION TIMING DIAGRAM 




R 


LOAD 


E T 


E P 


T 


Qa 


Qb 


Qc 


Qd 


RCO 


L 


X 


X 


X 


T 


L 


L 


L 


L 


L 


H 


L 


L 


X 


r 


D A 


D B 


Dc 


D D 


L 


H 


L 


H 


X 


t 


L* 


H 


H 


H 


H 


T 


Count 


L* 


H 


H 


L 


X 


X 


Inhibit 


L 


H 


H 


H 


L 


X 


Inhibit 


L* 



Note 1 | : Transition from low to high (positive edge trigger) 

* I RCO is normally low but is high when Q A is high, Q B is low, Q c 
is low, Qq is high and Ej is high. Therefore, RCO = Q a *Qb'Qc*Qd 
•Ej 
X : Irrelevant 



RESET PRESET 



COUNT INHIBIT 



ABSOLUTE MAXIMUM RATINGS (Ta = 20~ + 75'C. f unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5 — h 15 


V 


V 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


*c 


T stg 


Storage temperature range 




-65- + 150 


■c 



RECOMMENDED OPERATING CONDITIONS (Ta--20~+75lC f unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


M A 


I.OL. 


Low-level output current 


V O l^0.4V 







4 


mA 


V L^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta = -20~+75iC, unlessotherwisenoted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. l| C = -18mA 






-1.5 


V 


V 0H 


High-level output voltage 


Vcc = 4.75V. V| = 0.8V 
V| = 2V. loH=-40u>A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4.75V 

V| = 0.8V. V| = 2V 


Iol = 4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Da, Db, Dc, Dd, Ep 


Vcc = 5.25V. V|=2.7V 






20 


/.A 


LOAD, T.Et 






40 


R 






40 


Da, Db, Dc, Dd, Ep 


V C c = 5.25V, V|=10V 






0.1 


mA 


LOAD, T.Et 






0.2 


R 






0.2 


IlL 


Low-level input current 


Da, Db, Dc, Dd, Ep 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


LOAD, T.Et 






-0.8 


R 






-0.8 


'os 


Short-circuit output current (Note 2) 


Vcc = 5.25V. V =OV 


--20 




-100 


mA 


ICCH 


Supply current, all outputs high. 


V C C = 5.25V (Note 3) 




18 


31 


mA 


'CCL 


Supply current, all outputs low 


V C C = 5.25V (Note4) 




19 


32 


mA 



*: All typicalwaluesareat Vcc = 5V,Ta = 25°C. 

Note 2. All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3. I CCH is measured with D A , D B , D c , D D , E P , E T , and R at 4.5V , LOAD at 0V, then 4.5V applied to T input. 

Note 4. I CCL is measured with D A , D B , D c , D D ,E P , E T and R, LOAD at 0V and T set from 0V to 4.5V. 



SWITCHING CHARACTERISTICS (Vcc= 5 V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =l5pF 
(Note 5) 


25 


55 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input T to output RCO 




20 


35 


ns 


tPHL 




20 


35 


ns 


tPLH 


Lwo-to-high-level, high-to-low-level output propagation time 
(when LOAD is high), from input T to outputs Qa. Qb. q C q D 




12 


24 


ns 


tPHL 




16 


27 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation time 
(when LOAD is low), from input T to outputs Qa- Qb. Qc Dp 




12 


24 


ns 


tPHL 




16 


27 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input Ej to output RCO 




8 


14 


ns 


tPHL 




8 


14 


ns 



TIMING REQUIREMENT (V C c=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input Thigh pulse width 




25 


7 




ns 


tw(TL) 


Clock input T low pulse width 


25 


6 




ns ■■ 


tr 


Clock pulse rise time 




400 


100 


ns 


tsU(D) 


Setup time Da~ Dp to T 


20 


3 




ns 


tsU(LOAD) 


Setup time LOAD to T (Note 8) 


20 


6 




ns 


tsu(W) ' 


Setup time R toT 


20 


11 




ns 


tsU(E) 


Setup time Ep, Et t0 T 


20 


8 




ns 


th(D) 


Hold time DA — DotoT 


3 







ns 


th(LOAD) 


Hold time LOAD to T (Note 8) 


3 


- 3 




ns 


th(R) 


Hold time R to T 


3 


- 8 




ns 


th(E) 


Hold time Ep, Et toT 


3 


- 5 




ns 



2-190 



A MITSUBISHI 
I 



k ELECTRIC 



MITSUBISHI LSTTLs 

M74LS162AP 

FULLY SYNCHRONOUS PRESETTABLE DECADE COUNTER 



Note 5. Measurement circuit 



INPUT Vcc OUTPUT 



PG 



50Q 



777 77T 



:C L 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz. t r = 6ns, tf = 6ns, t w = 500ns, 

VP = 3V P .p,Zo = 50n. 

(2) Cl includes probe and jig capacitance 



APPLICATION EXAMPLES 
Divide-by-n counter configuration 

1/6M74LS04P 
1/4 M74LS00P 



r<3= 



ENABLE INPUT- 
ENABLE INPUT- 
COUNT PULSE- 



"H" 



LOAD Q A Q B Qc Qd 

E P 

Et M74LS162AP RCO 

T 



M74LS162AP 

DaDbDc 



Dd 



TIMING DIAGRAM (Reference level = 1.3V) 

tW(TH) tW(TL) 



-J \ / 



Oa.Ob.Qc.Qd 
RCO 



J 

tPLH 



tpHL 



Divide-by-n counter 


Pins connected to gate input 


Ternary counter 


Qb 


Divide-by 5 counter 


Qc 


Divide-by-6 counter 


Qa, Qc 


Divide-by-7 counter 


Qb, Qc 


Divide-by-9 counter 


Qd 



/ V 



/ 



tPLH 



tpHL 



*—t V-J 



Da.Db, 



Db .Dc.Dd // 
R. LOAd/7 



ma 



tsuCR) th(R) 

tsU(D) th(D) 

tsU(LOAD) th(LOAD) 



a 



tsU(R) th(R) 

tsU(D) th(D) 

tsU(LOAD) th(LOAD) 



*_jf V^ 



-77 



tsU(E) th(E) 



11 



£ 



Note 6. The shaded areas indicate when the input is per- 
mited to change for predictable output perform- 
ance. 



tsu(E) th(E) 
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DESCRIPTION 

The M74LS163AP is a semiconductor integrated circuit 
containing a synchronous presettable 4-bit binary (hexa- 
decimal) counter with a synchronous reset input. 

FEATURES 

• Synchronous reset and preset inputs. 

• Cascade connected enable input and carry output. 

• High speed counting (f max = 55MHz typical) 

• Wide operating temperature range (T a = -20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When count pulses are applied to the clock input T, the 
number of count pulses appears as a 4-bit binary code in 
the outputs Q A , Q B , 0. c , and Q D synchronized with the 
count pulses. Counting is done when T changes from low to 
high. 

Presetting is performed to synchronize the count pulse. 
When data is applied to the data inputs Da, Db, Dc and 
Dp, the load input LOAD is made low, and T is changed 
from low to high, the signals Da, Db, D c , and D D appear 
at the Q A/ Qb, Q c , and Q D outputs, respectively, regard- 
less of the status of the enable inputs Ep and Ej, thereby 
presetting the counter. 

Reset is performed, synchronized with the count pulse. 
When the reset input R is made low, and T is changed from 
low to high, Q A , Q B , Qo ar| d ^d w '" De ' ow - 



PIN CONFIGURATION (TOP VIEW) 



RESET INPUT R _* fj" . 
CLOCK INPUT T -> [T ■ 

D A — [T- 
Db-» (T- 

Dc->[T- 

_d d - [[- 

ENABLE INPUT Ep-* [T - 
GND [T 



DATA INPUTS 






T 


R 
RCO 


Da 


Qa 


Db 


Qb 


Dc 


Qc 


Dd 


Qd 


Ep E T 
LOAD 




V 



m vcc 

_ RIPPLE 

-15J-+RC0 CARRY 
OUTPUT 

-E-Qa 

-13]— Qb 
-H|->Qc 

To] «-Et ENABLE INPUT 
1] ^LOAD LOAD INPUT 



Outline 16P4 



The ripple carry output RCO is high only when Q A = Q B = 
Q c = Qd = high and E T = high. E P , E T and RCO are used 
when the counter is cascade connected in a synchronous 
manner to from an n-bit counter. (See the M74LS160AP 
application example). 



BLOCK DIAGRAM 




T R 

CLOCK RESET 
INPUT INPUT 



INPUT ENABLE INPUTS 



DATA INPUTS 
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FUNCTION TABLE (nowd 



~R 


LOAD 


E T 


E P 


T 


Oa 


Ob 


Qc 


Qd 


RCO 


L 


' X 


X 


X 


T 


L 


L 


L 


L 


L 


H 


L 


L 


X 


r 


D A 


D B 


D C 


D D 


L 


H 


L 


H 


X 


T 


L* 


H 


H 


H 


H 


t 


Count 


L* 


H 


H 


L 


X 


X 


Inhibit 


L 


H 


H 


H 


L 


X 


Inhibit 


L* 



Note 1: | : transition from low to high level 

* • RCO output is normally low-level, but RCO output is high-level when Ey 

input is high-level while the counter is in its maximum count state (HHHH). 
X : irrelevant 



OPERATION TIMING DIAGRAM 




TjnjTJHJijnjnjnJTjnj~LrTJ~Lr 




RESET PRESET 



ABSOLUTE MAXIMUM RATINGS (Ta = -20-4-75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




— 0.5— 4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-20-4 75°C; unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







-400 


v* 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V. lio = -18mA 






-1.5 


V 


V 0H 


High-level output voltage 


, Vcc = 4.75V. V| = 0.8V 
V| = 2V. l O H=-400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V. V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


| 0L =8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Da, Db, Dc, Dd, Ep 


Vcc = 5.25V. V| = 2.7V 






20 


*iA 


LOAD.T.Et 






40 


R 






40 


Da, Db, Dc, Dd, Ep 


V C c = 5.25V. V|=10V 






0.1 


mA 


LOAD.T.Et 






0.2 


R 






0.2 


IlL 


Low-level input current 


Da, Db, Dc, Dd, Ep 


Vcc = 5.25V. V| = 0.4V 






-0.4 


mA 


LOAD.T.Et 






-0.8 


R 






-0.8 


'os 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V o =0V 


-20 




-100 


mA 


ICCH 


Supply current, all outputs high 


V C c = 5.25V (Note 3) 




18 


31 


mA 


'CCL 


Supply current, all outputs low 


V C c = 5.25V (Note 4) 




19 


32 


mA 



* : All typical values are at V C c = 5V, Ta = 25°C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
3; | CCH j, 

4: I ccl i: 



measurements should be done quickly, and not more than one output should be shorted at a time. 

-I is measured with Da, Db, Dq, Dd, E-f, R" inputs at 4.5V, LOAD inputg rounded and a momentary ground, then 4.5 V, applied to T input. 

l is measured with Da, Db, Dq, Dd, Ej, R, LOAD inputs grounded and a momentary ground, then 4.5V, applied to T input. 



SWITCHING CHARACTERISTICS (v cc =5v,T a ^ 


= 25°C , unless otherwise noted) 










Symbol 


Parameter 


Test conditions , 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


I 

C L =l5pF 

(Note 5) 


25 


55 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input T to output RCO 




20 


35 


ns 


tPHL 




20 


35 


ns 


tPLH 


Lwo-to-high-level, high-to-low-level output propagation time 
(when LOAD is high), from input T to outputs Q A , Ob- Qc Qd 




12 


24 


ns 


tPHL 




16 


27 


ns 


tPLH 


Low-tb-high-level, high-to-low-level output propagation time 
(when LOAD is low), from input T to outputs Qa, Ob. q C Qd 




12 


24 


ns 


tPHL 




16 


27 . 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation time, 
from input Ej to output RCO 




8 


14 


ns 


tPHL 




8 


14 


ns 



TIMING REQUIREMENTS (v c=5v,T a = 25-c. 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


. Typ 


Max 


tw(TH) 


Clock input T high pulse width 




25 


7 




ns 


tw(TL) 


Clock input T low pulse width 


25 


6 




ns 


t r 


Clock pulse rise time 




400 


100 


ns 


tsu(D) 


Setup time D A ~ Dp to -T 


20 


3 




ns 


tsU(LOAD) 


Setup time LOAD to T (Note 7) 


20 


6 




ns 


tsu(R) 


Setup time R to T 


20 


11 




ns 


tsU(E) 


Setup time Ep, Et to T 


20 


8 




ns 


th(D) 


Hold time Da~ Dd to T 


3 







- ns 


th(LOAD) 


Hold time LOAD to T (Note 7) 


3 


-3 




ns 


th(R) 


Hold time R to T 


3 


- 8 




ns 


th(E) 


Hold time Ep, Et to T 


3 


- 5 




ns" 
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Note 5: Measurement circuit 



50Q« 



Vcc 



4=C L 



W 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3V P . P ,Z o = 50ft 

(2) Ci_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(TH) tw(TL). 



J^vZ) 



Qa, Qb, Qc, Od 
RCO 



/ 



tpLH 



V 



Da .Db. D c, DdT_ 
R, LOAD Jj 



T 



£ 



IX 



tsU(R) 'th(R) 

tsu(D) th(£) 

tsu(LOAD) th(LOAD) 



\ 



\ 



T 



£ 



tsU(R) th(R) 

l SU(D) th(£) 

tsu(LOAD) th(LOAD) 



E T 



RCO 



£ 



£ 



tPLH 
«« > 



A 



V 



. tpHL 



i \ / 



Ep,E t 



I 



^m 



tsu(E) th(E) 



I 



tsu(E) th(E) 



Note 6: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



APPLICATION EXAMPLE 
Variable modulo counter 



1/6M74LS04P 
or1/4M74LS00P 
OM/3M74LS10P 



. ENABLE INPUT - 
ENABLE INPUT • 
COUNT PULSE - 



rO= 



LOAD Q A Qb Qc 

Ep 

E T M74LS163AP 

T 
R Da Db Dc 



Qd 

RCO 

Dp 



Divide rate 


Outputs connect to inputs of GATE 


3 


Qb 


5 


Oc 


6 


Q A , Qc 


7 


Qb, Qc 


9 


Qd 


10 


Qa.'Qd 


11 


Qb, Qd 


12 


Qa, Qb, Qd 


13 


Qc, Qd 


14 


Qa. Qc. Qd 


15 


Qb, Qc, Qd 
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8-BIT SERIAL-IN PARALLEL-OUT SHIFT REGISTER 



DESCRIPTION 

The M74LS164P is a semiconductor integrated circuit 
containing an 8-bit serial input-serial/parallel output shift 
register function with direct reset input. 

FEATURES 

• Serial input-serial/parallel output 

• Direct reset input provided 

• 8-bit .for high space factor 

• Input load factor of 1 for each input 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is configured with 9 D-type edge-triggered 
flip-flops and the serial data inputs Dsi and Ds2 logic 
product Dsi x Ds2 represents the first-stage flip-flop data 
input. Outputs Q ~Q7 are taken out from the flip-flop Q 
outputs. When Dsi and D$2 are both high and the clock 
pulse is applied to T, the high signal is shifted in sequence 
into Q , Qi ... Q7. When either Dsi or Ds2 or both are 
low and the clock pulse is applied to T, the low signal is 
shifted into Q , Qi ... Q7 in sequence. Shifting is 
performed when T changes from low to high. 

When the direct reset input Rd is set low, all the outputs 
are reset low irrespective of the other input signals. Rd 
should be kept at high when using this device as a shift 
register. 



PIN CONFIGURATION (TOP VIEW) 


SERIAL 

DATA 

INPUTS 

OUTPUTS 


Dsi — [T 

DS2 — |T 

Qo«- (T 

Qi «- E 

O24- [T 

03*- LI 








~U\ Vcc 




1 




Dsi 
DS2 07 

Qo 06 
Qi 0s 

Q2 04 

Q3 t Rd 




13] -Q 7 

T2] — 0e 

iD — 05 
To] — Q4 

J]- RB 


OUTPUTS 

DIRECT 

RESET 

INPUT 


GND {T 




1 




T] «- T CLOCK INPUT 






Outline 14P4 







BLOCK DIAGRAM 



OUTPUTS 



SERIAL | D S1 

DATA \ 
INPUTS I Ds2 



CLOCK INPUT 



RESET 
INPUT 




D 1 
T 
RD° 



D 1 
T 
Rd° 



D 1 
T 
Rd° 



rt 1 
•r 

Rd° 



~a- 



D 1 

T 
RpO 



-D- 



Qe 0? Vcc 
{12) © (14) 



D 1 

T 
Rd° 



D 1 — ' 
T 
R D ° 



I 
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FUNCTION 


TABLE (Noteu 




















Operational mode 


Rd 


T 


Dsi 


D S 2 


Oo 


01 


Q 2 


Q 3 


Qa 


05 


Qe 


07 


Reset 


L 


X 


X 


X 


L 


L 


L 


L 


L 


L 


L 


L 


Right shift 


H 


T 


L 


L 


L 


Oo° 


Q? 


Q 2 ° 


03° 


04° 


Qs° 


06° 


H 


T 


H 


L 


L 


Qo° 


O1 


Q 2 ° 


Q3° 


04° 


05° 


06° 


H 


T 


L 


H 


L 


Oo° 


Qi° 


02° 


03° 


04° 


Q5° 


06° 


H 


T 


H 


H 


H 


Oo° 


Q!° 


Q 2 ° 


Q3° 


Q4° 


05° 


06° 



Note 1 | .' Transition from low to high (positive edge trigger) 
Q° : Level of output before the change from low to high 
X '. Irrelevant 

OPERATION TIMING DIAGRAM 

— u 



1_T 




RIGHT SHIFT 



ABSOLUTE MAXIMUM RATINGS (T a = -20-4-75T, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


Voh^2.7V 







-400 


AA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (T a = -20~ + 75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4 . 75V , 1 io= - 18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V|=2V. l O H=-400/;A 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V,V| = 2V 


Iol — 4 mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c=5.25V, V| = 2.7V 






20 


juA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 2) 


V C c = 5.25V, V = OV 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




16 


27 


mA 



* : All typical values are at Vcc=5V,Ta=25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with Dsi and Ds 2 at 0V, 4.5V applied to T after Rp has been set from 0V to 4.5V. 

SWITCHING CHARACTERISTICS (V C C = 5V, T a = 25°C, unless otherwise noted ) 



Note 4: Measurement circuit 



INPUT 
O 



Vcc 



OUTPUT 

o 



"i I 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR=1MHz, t r =6ns, t f =6ns, t w =500ns, V P =3V P . P , Zo=50J2. 

(2) Cl includes probe and jig capacitance 



t Cl 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF 

(Note 4) 


25 


50 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qrj~Q7 




13 


27 


ns 


tpHL 




14 


32 


ns 


tpHL 


Low-to-high-level, high-to-low-level output propagation 
time, input R~d to outputs Qrj~Q7 




18 


36 


ns 



TIMING 


REQUIREMENTS (v cc =5v, Ta=25°c, 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


8 




ns 


tw(TL) 


Clock input T low pulse width 


20 


10 




ns 


twCRo") 


Direct reset Rp pulse width 


20 


9 




ns 


tsU(D) 


Setuptime Dsi, Ds2toT 


15 


3 




ns 


th(D) 


Hold time Dsi, Ds2toT 


5 


2 




ns 


tree (r£) 


Recovery time Rq to T 


20 


- 1 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



Rd 



~\ 



Qo ~Qi 



l W(R D ) 



\ 



-C 



^ecCRo) . 



f 



/ 



l W(TL) ■ twCTH)^ 

CTm 

LSUCp) th( D ) tsu(D) th(C 



'.-. mum 



Qo~Q7 



ma 



L 



i 



ffl 



tpHL 

<* =» 



V 



Note 5: The shaded areas indicate when the input is permitted to change 
for predictable output performance. 
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DESCRIPTION 

The M74LS165AP is a semiconductor integrated circuit 
containing an 8-bit serial/parallel input — serial output shift 
register function. 

FEATURES 

• Parallel-to-serial data conversion 

• Complementary output (Q 7 and Q 7 ) 

• Direct overriding load (data) input 

• Clock inhibit input 

• Wide operating temperature range (T a = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

This device is configured from eight R-S-T flip-flop circuits 
and is designed to accept serial data input through D S/ or 
parallel data input through D ~ D 7 . 

When D s is used as the inpu t, a clo ck pulse is applied to 
clock input T when load input LOAD is high-level and the 
clock inhibit input T| NH is low-level. 

Shift operations are initiated upon T transiting from low 
to high, and the data present at D s appears as an output 
pulse from Q 7 , Q^ of the 8th flip-flop circuit. The output 
at Q 7 is always an inverted value of that present at Q 7 . 

When D ~ D 7 is used as the input, LOAD is active-low. 
Since D ~ D 7 are entered at the direct-set, direct-reset 
input of each flip-flop, read is executed regardless of the 
status of other inputs. 



PIN CONFIGURATION (TOP VIEW) 


LOAD _, 

INPUT LOAD — |T 


W 




16] V cc 


k 


clock T^rr 

INPUT ' L£- 




LOAD 
T TiNH 




"l5l — T INH INHIBIT 
■21 INH INPUT 




f D -E 




D« D 3 




E -D 3 " 




PARALLEL 
DATA I 
INPUTS 


d 5 -[± 

D 6 - [7 




Ds D 2 
D 6 Di 




]U — D 2 

iU- D i 


PARALLEL 
► DATA 
INPUTS 




D 7 - [? 




D7 Do 




77| — d 




SERIAL fr«_ [7 
OUTPUT VT l — 

GND [F 




Q7 Q7 D S 




Tnl.r) SERIAL 

liil Us DATA INPUT 

"g"| -»07 SERIAL 
— 1 OUTPUT 




1 






Outline 16P4 



Care should be exercised to prevent the recording of 
erroneous data ca used by a change in the value of D ~ 
D 7 when LOAD switches from low to high-value. Also, 
when T| NH is high, a shift operation will not be effected 
with clock pulse input. When T is low-level, and T, NH 
transits from low to high, a 1-bit shift operation will be 
executed. 

M74LS165AP is an enhanced-performance version of 
M74LS165P having modified switching characteristics. 



BLOCK DIAGRAM 



SERIAL DATA n /|V 

INPUT u sv' u r 

LOAD INPUT LOAD (l> 



CLOCK INPUT T(2> 



CLOCK INHIBIT- T 1NH OS 
INPUT 



PARALLEL 
DATA INPUTS 



D D, D 2 D 3 D 4 D 5 D 6 D 

® — ® — ty—® — (?) — (*y—© — re 



>^ 



Ml 



HH 




\0Q 7 I SERIAL 
* OUTPUTS 
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FUNCTION TABLE (Note t) 



Inputs 


Internal Outputs 


Output 
Q7 




T|NH 


T 


Ds 


Do*"D 7 




LOAD 


Oo 


Qi 


L 


X 


X 


X 


Do---D7 


Do 


Dt 


D 7 


H 


L 


L 


X 


X 


Qo° 


Qi° 


Q 7 


H 


L 


T 


H 


X 


H 


Qo° 


Q6° 


H 


L 


t 


L 


X 


L 


Qo° 


Q6° 


H 


H 


X 


X 


X 


Qo° 


Qi° 


Q 7 



Note 1. X : Irrelevant 

t •' Transition from low to high (positive edge trigger) 
Q ° I Status of output before t of T 



TIMING DIAGRAM 



TlNH 




L 


| 
















Ps 












LOAD 




1 




















l 




Dn 


H II 






l ! : 




D 1 „,..- 




i 

, , | , 


















D. 


« il 






L I 1 




•V 




1 
1 , 


















n * 


H 1 






L 1 1 




D 5 




1 


















D fi 


« Il 








1 


















D r 


H II 






J 
"1 


1 1 




L 






>- 




07 


! ! h 
i i 

i i 

i ! L 


H 


H 1 L | 


L 


« 1 












07 


H 


L I H. | 


H 


L 1 




CLC 


i 

DCK INHIBIT 








SERIAL SHIFT 










preset! 

< aJ 


^1 


* 
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ABSOLUTE MAXIMUM RATINGS(Ta=-20-+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5 - +7 


V 


V| 


Input voltage 




-0.5--M5 


V 


Vo 


Output voltage 


High-level state 


-0.5 -Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +-75 


°c 


Tstg 


Storage temperature range 




-65 — 4- 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~ + 75°C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


V h^2.7V 







-400 


M 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS(T a =-20~+75t:, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


VlH 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, llC = -18mA 






-1.5 


V 


Voh 


High-level output voltage, 


VCC = 4.75V, V| = 0.8V 
Vi = 2V, IOH=-400M 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


VCC = 4.75V 

V| = 0.8V , V| = 2V 


IOL=4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


hi i 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


;"A 


Vcc = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 3) 


Vcc = 5.25V, Vo = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note4) 




18 


30 


mA 



* : All typical values are at V cc = 5V.T a = 25 C. 

Note 2. All measurements should be done quickly, and not more than one output should be sho rted at a time. 

3. With the outputs open, clock inhibit and clock at 4.5V, and a clock pulse applied to the LOAD input, l C c is measured first with the parallel inputs at 4.5V, 
then with the parallel inputs grounded. 

SWITCHING CHARACTERISTICS (VCC = 5V, T a = 2SV, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


CL=15pF 
(Note 4) 


25 


38 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input LOAD to outputs Q 7 and Q^ 




17 


35 


ns 


tPHL 




20 


. 35 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Q 7 and 57 




14 


25 


ns 


tPHL 




13 


25 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D 7 to output Q 7 




9 


25 


ns 


tPHL 




20 


30 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D 7 to output 077 




16 


30 


ns 


t PHL 




12 


25 


ns 
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Note 4. Measurement Circuit 



PG 



Vcc 



OUTPUT 
O 



4=CL 



W 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns. t f = 6ns, t w = 500ns, V P = 3V P . P , 
Z = 50ft. 

(2) C L includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (vcc=5v, Ta=25<c, 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock pulse width 




25 


13 




ns 


tw(LOAD) 


LOAD low-level pulse width 


15 


12 




ns 


tsu (T INH ) 


Setup time T| NH to T 


30 


13 




ns 


tsU(D ~D 7 ) 


Setup time D ~ D 7 to LOAD 


10 


9 




ns 


tsu(D s ) 


Setup time Dg to T 


20 


8 




ns 


tsu(LOAD) 


Setup time LOAD to T 


45 







ns 


th 


Hold time 










ns 



TIMING DIAGRAM (Reference level = 1.3V) 
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tw(LOAD) 
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\ 



TlNH 



Q7 



Qi 



LOAD 



Ds 



if 



tw(TH) 



lA 



tsu(LOAD) 
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i i su tus; LncDsJy— 

th(Ds) ^ *— 
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DESCRIPTION 

The M74LS166AP is a semiconductor integrated circuit 
containing an 8-bit serial/parallel input — serial output shift 
register function. 



FEATURES 

• Parallel-to-serial conversion 

• Clock inhibit input 

• Direct overriding reset 

• Wide operating temperature range (T a 



-20~+75 C) 



APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

Parallel or serial input mode is selected via the load input 
LOAD signal. When LOAD is high-level, serial input enables 
the serial data input and couples the eight flip-flop for serial 
shifting with each clock pulse. Conversely, when LOAD is 
low-level, parallel data inputs D ~D 7 are enabled and 
synchronous loading occurs on the next clock pulse. While 
during parallel loading, serial data flow in inhibited. Clock- 
ing is accomplished on the low-to-high-level edge of the 
clock pulse through a two-input positive NOR gate permit- 
ting one input to be used as a clock-enable or clock-inhibit 
function. Holding either of the clock inputs high inhibits 
clocking; holding either low enable the clock input. This, 
of course, allows the system clock to be free-running and 
the register can be stopped on command with the other 



PIN CONFIGURATION (TOP VIEW) 


SERIAL _ 
DATA Ds — ♦ |1 
INPUT L — 


KJ 




jl Vcc 

H ^™ ^P A U D T 
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"f3l_> 07 SERIAL 

— 1 V7 DATA OUTPUT 

JU «-D 6 | 

__ PARALLEL 
111 «-D5 DATA 
— • INPUTS 

io] 4-d 4 1 

— , DIRECT 

9] «-R D RESET 
INPUT 




1 


Do — [7 

PARALLEL ° 1 ~* Q. 
DATA 
INPUTS D 2 — |T 

d 3 -> [7 

CLOCK 

INHIBIT Tinh— r? 
INPUT L2- 

CLOCK INPUT T — ► [T 




o Ds 

°0 LOAD 
D, D 7 
D 2 Q 7 
D 3 D 6 
Tinh D 5 
T D 4 




GND [T 




Y 










Outline 16P4 





clock input. The clock-inhibit input should be change to 
the high level only while the clock input is high. The 
buffered, direct reset input R D overrides all other inputs, 
including the clock, and sets all flip-flop to zero. 

M74LS166AP has been improved to resolve timing 
problems on LOAD input signal switching that occurred in 
the M74LS166P. Serial output Q7 has also been provided 
with a buffer to reduce noise, resulting in a change in 
specifications. 



BLOCK DIAGRAM 
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FUNCTION TABLE (Note D 


tn 


tn + 1 


Rd 


LOAD 


TlNH 


T 


Ds 


Parallel Inputs 


Internal outputs 


Ql 


D0—D7 


Qo 


Q1 


L 


X 


X 


X 


X 


X 


L 


L 


L 


H 


X 


L 


L 


x 


X 


Qoo 


O10 


070 


H 


L 


L 


T 


X 


D0 — D7 


Do 


Di 


D 7 


H 


H 


L 


T 


H 


X 


H 


QOn 


Qen 


H 


H 


L 


T 


L 


X 


L 


QOn 


Qen 


H 


X 


H 


■ T 


X 


X 


Qoo 


Qm 


Q70 



X : Irrelevant 

t : Transition from low to high (positive edge trigger) 

D ~ D 7 : Indicates status prior to clock pulse at input D thru D 7 . 

Qoo ••• Q-7o : Indicates initial status of output Q thru Q 7 . 

Q 0n ••• Q^n : Indicates status of Q thru Q 7 immediately prior to clock input 

t n+ i : Bit time after one clocking transition. 



TIMING DIAGRAM 
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SERIES SHIFT 



LOAD INHIBIT 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20~-+75°C, unless otherwise noted ) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


v, 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level output 


-0.5~V C c 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range " 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75'C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V OH ^2.7V 







-400 


^A 


lOL 


Low-level output current 


V L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~+75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V| = 2V, l O H=~400/iA 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V, V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


/iA 


Vcc = 5.25V, V,= 10V 






0.1 


mA 


IlL 


Low-level input current 


V CC = 5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 2) 


V C c = 5.25V, V = OV 


- 20 




-100 


mA 


ice 


Supply current 


V C c = 5.25V (Note 3) 




20 


32 


mA 



* ." All typical values are at Vqc = 5V, T a = 25 C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 

3. With all outputs open, 4.5V applied to the serial input and all other inputs except the clock grounded, Ice is 
measured after a momentary ground, then 4.5V, is applied to clock. 

SWITCHING CHARACTERISTICS (Vcc = 5V,T a = 25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 5) 


25 


38 




MHz 


tpHL 


High-to-low-level output propagation time, from input 
Hp~ to output Q 7 




18 


30 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to output Q 7 




10 


20 


ns 


tpHL. 




12 


25 


ns 
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Note 4. Measurement circuit 



Vcc OUTPUT 



DUT 



50Q^ 






(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 6ns, 
t w = 500ns, V P = 3V P .p , Z = 5012. 

(2) Cl includes jig and probe capacitance. 



TIMING REQUIREMENTS (v cc =5v, T a =25c, 


jnless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw( T ) 


Clock pulse width 




20 


14 




ns 


tw(R^) 


Reset pulse width 


20 


8 




ns 


tsu ( D ) 


Setup time D s , D ~D 7 to T 


20 


12 




ns 


tsu(LOAD) 


Setup time LOAD to T 


30 


12 




ns 


th 


Hold time all inputs to T 





-10. 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



tw(Rp) 



V T) t S u(D) t _ s ^ th(D) 



D ~D 7 ■ 



I 



tpHL 



th(D) t S U (D) 



^LnL 



tpLH 



\ ¥ 



f 



tPHL 



\_ 



TEST CONDITION TABLE 



Data input for test 




Output tested 


Bit time 


LOAD 


D 7 


OV 


07 


tn + 1 


D S 


4.5V 


07 


tn + 8 
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DESCRIPTION 

The M74LS170P is a semiconductor integrated circuit 
containing a 4-word by 4-bit register file function with 
open collector outputs. 

FEATURES 

• Separate read and write addresses for simultaneous data 

• Read and write enable inputs provided 

• Easy expansion of memory capacity using enable inputs 

• Usable in AND-Tie connection (open collector outputs) 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device contains 16 D-type latches as memory elements. 
Separate read and write inputs, both address and enable, 
allow simultaneous read and write operation, thereby 
enabling readout of other word contents during writing and 
writing into other words during readout resulting in 
increased speed. Open collector outputs make it possible to 

The open collector outputs permit wire-AND connec- 
tions for 256 outputs and expansion up to 1024 words. 

M74LS170P has the same functions and pin connections 
as M74LS670P but the latter is provided with 3-state 
outputs. 



PIN CONFIGURATION (TOP VIEW) 


1 




^ 




T|| Vcc 

j5] «- D DATA INPUT 


' 


DATA 
INPUTS 


D 2 — [7 




1 






D 2 D 1D 




1 




1d 3 — n 




D3 W A 




BI«-wa| write 




READ f R B -♦ {£ 
ADDRESS 

INPUTS [Ra-* [7 




Rb W B 
Ra E-w 




— . f ADDRESS 
J3J «— W B J INPUTS 

7^1 . e- WRITE ENABLE 
l£l *~ Ew INPUT 




OUTPUTS 


Q 3 ♦- (7 
Q 2 - [7 


_* 


Q3 E R 
Q 2Qi Qo 


*_ 


771 +_c- READ ENABLE 
U *~ t-R | NPUT 

ISl — ► Qo 1 

OUTPUTS 
7| — Qi 1 




GND [7 




I* 










* I OPEN COLLECTOR OUTPUT 




Outline 16 P4 





Writing Method 

Writing into the bits is performed by specifying the words 
with address inputs W A and W B and by applying the data 
to data inputs D , D lf D 2 and D 3 . The write enable input 
E w is set low. No writing is performed when E w is set high. 

Readout Method 

When the words are specified by read address inputs R A 
and R B/ the contents of the stored bits appear in outputs 
Q , Qj, Q 2 and Q 3 . Read enable input E R is set low. When 
E R is set high, all the outputs are set high. 



BLOCK DIAGRAM 



READ ENABLE INPUT ErQO " 

^BU" 



READ ADDRESS INPUTS - 



WRITE ADDRESS INPUTS 



WRITE ENABLE INPUT Ewl12 




1JLJLJ* 



TOA BIT 1 A BIT2A 

— © © ® 

^ Dp Di 02 



DATA INPUTS 



WORD0 



(3>— -® 

D3 j GND 

*:OPEN COLLECTOR OUTPUTS 



MITSUBISHI 
k ELECTRIC 



2-207 



MITSUBISHI LSTTLs 

M74LS170P 

4-BY-4 REGISTER FILE WITH OPEN COLLECTOR OUTPUT 



FUNCTION TABLE (nohm* 
Writing Method 



Readout Method 



W A 


W B 


Ew 


Word 


J 


1 


2 


3 


X 


X 


H 


0° 


0° 


Q° 


0° 


L 


L 


L 


Q = D 


Q° 


Q° 


Q° 


H 


L 


L 


Q° 


Q=D 


Q° 


go 


L 


H 


L 


Q° 


Q° 


Q = D 


Q° 


H 


H 


L ' 


go 


Q° 


0° 


Q = D 



Ra 


Rb 


E^ 


Qo 


0i 


02 


Q3 


X 


X 


H 


H 


H 


H 


H 


L 


L 


L 


WoBo 


W Bi 


W B 2 


W B 3 


H 


L 


L 


WtBo 


WtBi 


W!B 2 


W!B 3 


L 


H 


L 


W 2 B 


WgB! 


W 2 B 2 


W2B3 


H 


H 


L 


W 3 Bo 


W3B1 


W3B2 


W3B3 



Note 1 Q° : No change in word contents. 

Q = D .' Data input contents are written into specified word. 
WxB y • Indicates word X and bit Y contents 
X '. Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -20~ +75-C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~4-75 o C. unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


Vo =5.5V 







100 


^A 


lOL 


Low-level output current 


Vol^CMV 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20- +75X. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


'oh 


High-level output current 


V C C=4.75V, V|=0.8V 
V|=2V, V =5.5V 






100 


M* 


Vol 


Low-level output voltage 


Vcc = 4.75V 

V| = 0.8V, V| = 2V 


IOL = 


= 4mA 




0.25 


0.4 


V 


IOL = 


= 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


Er, Ew 


V C c = 5.25V, V|=2.7V 






40 


vA 


Other inputs 






20 


Er, Ew 


Vcc=5.25V, V|=10V 






0.2 


mA 


Other inputs 






0.1 


IlL . 


Low-level input current 


Er, Ew 


Vcc=5.25V, V|=0.4V 






-0.8 


mA 


Other inputs 






-0.4 


Ice 


Supply current 


Vcc=5.25V (Note 2) 




25 


40 


mA 



* : All typical values are at V CC =5V, T a =25°C. 

Note 2: l CC is measured with W A , W B , R A and R B at OV and with D ~D 4/ E^ and E^ at 4.5V. 
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SWITCHING CHARACTERISTICS (V c=SV.T a = 25C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Er to outputs Qrj, Ql. Q2. Q3 


C|_=15pF (Note 3) 




13 


30 


ns 


tpHL 




11 


30 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Ra. Rb to outputs Qo, Ql Q2. Q3 




16 


40 


ns 


tpHL 




15 


40 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Eyy to outputs Qo, Q1, Q2, Q3 




16 


45 


ns 


tpHL 




16 


40 


•ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation time 




15 


45 


ns 


tPHL 


from inputs Do, D 1, D2, D3 to outputsQo. Q1, Q2. Q3 






15 


35 


ns 



Note 3: Measurement circuit 



INPUT 
O 



Vcc 



50Q< 



17T 



Vcc OUTPUT 



Rl< 



^°L 



17T 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR= 1MHz, t r =6ns, t f =6ns, t w = 500ns, V P =3V P .p , Z = 5012. 

(2) Cl includes probe and jig capacitance 



TIMING 


REQUIREMENTS (v cc =5v, Ta = 25-c 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw (E^) 


Read enable input E r pulse width 




25 


9 




ns 


tw(Ev7) 


Wright enable input Eyy pulse width 


25 


9 




ns 


tsu(D) 


D0 — D3 setup tjme with respect to Ew 


10 


5 




ns 


tsu(w) 


Wa. Wb setup time with respect to E w 


15 


- 2 




ns 


th(D) 


Do~D3 hold time with respect to Ew 


■15 







ns 


th(w) 


Wa, Wb hold time with respect to Ew 


5 


- 2 




ns 


tlatch 


Dq ~ D3 latch time (note 4) 


25 


5 




ns 



Note 4: tLATCH ls the time required for storage when data is changed. 



TIMING DIAGRAM (Reference level = 1.3V) 

tw (E^)» t w (Ew) 



Do~D 3 
Er, Ew 



0o~03 



Ra. Rb 



Qo ~Q3 



\ 



\ 



■y 

A 



/ 



x 



\ 



F 



W A , W B \ \ V - 



Do 



-sv 



1 



Ml 



tsufm thcn^ 



_su(D2 



isu(w) tlatch 



Ra, Rb 



*r 



•* *h(w) 



Note 5: The shaded areas indicate when the input is permitted to 
change for predictable output performance. 
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DESCRIPTION 

The M74LS173AP is a semiconductor integrated circuit 
containing a 4-bit register with 3-state outputs. 

FEATURES 



Data can be held irrespective of number of clock pulses 

Data are non-destructible with 3-state outputs 

Positive edge-triggering 

Direct reset input provided 

Easy bit expansion 

Wide operating temperature range (T a = —20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device contains 4 edge-triggered D-type flip-flop 
circuits and direct reset input Rp and clock input T 
common to all circuits. When T changes from low to high, 
the information of data inputs ID ~ 4D immediately 
before the change appears in outputs 1Q~4Q respectively 
in accordance with the function table. 

When Rq is set high with mode control inputs M/Ci and 
M/C 2 low, all the flip-flop outputs are low irrespective of 
the other inputs. When IvVCl or M/C 2 is high, 1Q ~ 4Q 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 

CONTROL 

INPUTS 



•H 
•E 



CLOCK 
INPUT 



(OCT 

OCi 

1Q<-[T 

2Q«-[T 

3Q-H 

4Q— [7 

GND [T 



Id 



-V^T- 



0C R D 
1Q 1D 
2Q 2D 
3Q 3D 
4Q 4D 
T MC 



T6] Vcc 

IS] «-Rd 

14) <-1D 
13] *-2D 
12] *- 3D 

7]] «_4D 

To] *-M/Ci I MODE 

CONTROL 

T]^M7ciJ ,NPUTS 



DIRECT 

RESET 

INPUT 



DATA 
INPUTS 



Outline 16P4 



hold the status established when M7c7 and M/C 2 are low, 
irrespective of the other signals. When OCi orOC 2 is high, 
1Q ~ 4Q are all put in the high-impedance state. In this 
case, the internal flip-flop status does not change because J of 
the OCi and OC 2 input change. For use as a D-type 
flip-flop, set M/Ci, M/C 2 ,OCl andOCa" all low. 



BLOCK DIAGRAM 



_{oc 2 ^ 



OUTPUT CONTROL 

INPUTS {ocT(| 

DIRECT RESET INPUT Rd @ 




CLOCK INPUT T(j) \^ 



MODE CONTROL 
INPUTS" 



M/C1 MdV 



M/Cp®" 



1Q 
-<2> 



2Q 



3Q 

:-0> 



ij AJ xj i 



DATA INPUTS 



4Q 




Vcc 

-® 



GND 
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FUNCTION TABLE (Note D 



Rd 


T 


M/d 


M/C 2 


D 





H 


X 


X 


X 


X 


L 


L 


L 


X 


X 


X 


Q° 


L 


T 


H 


X 


X 


Q° 


L 


r 


X 


H 


X 


0° 


L 


r 


L 


L 


L 


L 


L 


T 


L 


L 


H 


H 



Note 1 High-impedance state when OCi and/or OC2 are high. 
I '. Transition from low to high (positive edge trigger) 
X : Irrelevant 

0° : Level of Q before the indicated steady-state input conditions were 
established 



ABSOLUTE MAXIMUM RATINGS (T a =-20~--f75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


V 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~-+-75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage > 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


Voh22 2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V OL ^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (t b 



- 20 h 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4'.75V. l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V. V| = 0.8V 
V| = 2V. loH=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75 V 

V| = 0.8V,V|=2V 


l0L = 12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOZH 


Off-state high-level output current 


Vcc = 5.25V ) V|=2V. V =2.7V 






20 


»A 


'OZL 


Off-state low-level output current 


Vcc 5.25V. V| = 2V.V o =0.4V 






-20 


//A 


llH 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


^A 


Vcc =5. 25V. V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V. V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 2) 


Vcc = 5.25V. V o =0V 


-30 




-130 


mA 


Ice 


Supply current 


Vcc=5.25V (Note 3) 




17 


30 


mA 



* : All typical values are at Vcc = 5V, Ta = 25"C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: l C c is measured after M/C, , M/C 2 , 1 D 4D and OC 2 have been set to 0V, T and OCT to 4.5V and R D from OV to 4.5V. 
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SWITCHING CHARACTERISTICS (Voc=5V, Ta = 25*C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency , 


C L =45pF (Note 4) 


30 


35 




MHz 


tpHL 


High-to-low-level output propagation time, from input 
Rq to output Q 




21 


35 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time from input T to output 




20 


25 


ns 


tpHL 




26 


30 


ns 


tpZH 


Output enable time to high-level 


Ci_=45pF, R L =667Q (Note 4) 




14 


23 


ns 


tpZL 


Output enable time to low-level 




15 


27 


ns 


tpHZ 


Output disable time from high-level 


C|_=5pF, R L =667Q (Note 4) 




11 


17 


ns 


tpLZ 


Output disable time from low-level 




9 


17 


ns 



JIMING REQUIREMENTS (Vcc = 5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input T pulse width 




20 


4 




ns 


tsu (D) 


Setup time 1D~4DtoT 


17 


3 




ns 


th ( D ) 


Hold time 1D-4D to T 


6 


3 




ns 


tsu(Wc) 


Setup time MTCi , M/62 to T 


35 


20 




ns 


thrtvTTc) 


Hold time M/C1, M/C2 toT 





-12 




ns 


^(Rd) 


Direct reset R p pulse width 


20 


10 




ns 


tree 


Recovery time Rq to T 


15 


12 




ns 



Note 4: Measurement circuit 



INPUT 
p 



Vcc 



IF 



OUTPUT Vcc 



/SW1 



5kQ 

-M/V— 






7SW2 



Symbol 


SW1 


SW2 


tpzH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


t PHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3Vp.p,Z o = 50n. 

(2) All diodes are switching diodes (t rr = 4ns). 

(3) Concludes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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4-BIT D-TYPE REGISTER WITH 3-STATE OUTPUT 



APPLICATION EXAMPLE 

Shown below is a schematic of a 4-bit x 4-word register file using the M74LS173AP. 
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WORD 2 
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WORD 1 



Writing method 



Readout method 
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H 
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L 


W 2 D 


W 2 Di 
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H 
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HEX D-TYPE FLIP FLOPS WITH RESET 



DESCRIPTION 

The M74LS174P is a semiconductor integrated circuit 
containing 6 D-type edge-triggered flip-flop circuits with 
common clock input T and direct reset input R D as well 
as discrete data input D. 

FEATURES 

• Positive edge-triggering 

• Common clock and direct reset inputs for all 6 circuits 

• Q and Q outputs 

• Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

When T changes from low to high, the D signal immediately 
before the change appears in the output Q in accordance 
with the function table. When R D is low, all Q are low, 
regardless of the status of the other input signals. For use 
as a D-type flip-flop, keep R^ high. 



PIN CONFIGURATION (TOP VIEW) 


DIRECT , 

RESET R D -► FT 
INPUT «— - 

OUTPUT Qo «- [T 


^ 




T|] Vqc 

1|] -+ Q 5 OUTPUT 
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data( d °-*H 

INPUTS I •__ 
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Do - D 5 
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I DATA 

m — d 4 j inputs 


OUTPUT Ql <— [E 




O1 04 




T|] -*Q A OUTPUT 


DATA INPUT D 2 — ► [j[ 




D 2 D 3 




j"[] <*- D 3 DATA INPUT 


OUTPUT 02 «- [7 
GND [T 


— 


02 T 03 




To] — 03 OUTPUT 

T] ♦- T CLOCK INPUT 




I 






Outline 16P4 



FUNCTION TABLE (Noteu 




Rd 


T 


D 





L 


X 


X 


L 


H 


■ T 


H 


H 


H 


t 


L 


L 


H 


L 


X 


0° 



Notel: f : transition from low to high level 

Q° : level of Q before the indicated steady-state 

input conditions were established 
X '• irrelevant 



BLOCK DIAGRAM 
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HEX D-TYPE FLIP FLOPS WITH RESET 



ABSOLUTE MAXIMUM RATINGS (T a = -20~ + 75r, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


T stg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -2O-+75C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


VA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~-+75 < O, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C C=4.75V, V| = 0.8V 
V|= 2 V, Ioh=-400/^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c= 4.75V 
V|=0.8V, V|= 2 V 


Iol = 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V, V| = 2.7V 






20 


/uA 


Vcc=5.25V, V,= 10V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V, = 0.4V 






-0.4 


mA 


los 


Short-circuit output current Note 2 


V C C=5.25V, V = V 


-20 




-100 


mA 


Ice 


Supply current 


V C c=5.25V (Note 3) 




16 


26 


mA 



* : All typical values are at Vcc = 5V,Ta = 25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 3: Ice is measured with D, Rq inputs at 4.5V and a momentary ground, then 4.5V, applied to T input 



SWITCHING CHARACTERISTICS (vcc- 5 v 


, T a = 25°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


CL=15pF (Note 4) 


30 


47 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to output Q 




10 


30 


ns 


tpHL 




10 


30 


ns 


tpHL 


High-to-low-level output propagation time, 
from input Rq to output Q 




11 


35 


ns 

1 



Note 4: Measurement circuit 



Vcc 



d=c. 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz , t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3V P .p, Z o = 50n 

(2) Cl includes probe and jig capacitance. 
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HEX D-TYPE FLIP FLOPS WITH RESET 



TIMING 


REQUIREMENTS (v C c=5v,.T a =25t 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


t w (T) 


Clock input T pulse width 




20 


4 




ns 


tw(Ro) 


Reset input Rq pulse width 


20 


6 




ns 


tsu(D) 


• Setup time D to T 


20 


2 




ns 


th (d) 


Hold time D to T. 


5 







ns 


tree (Bo) 


Recovery time Rq to T 


25 


5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



tsu(D) th(D) 



T 

J t W (T) 



\ 



\ 



tsu(D)t n (D) 



O - ^ 



J 



tpLH 



m 



tpHL 



Note 5: The shaded areas indicate when the input is permitted to change 
for predictable output performance. 



APPLICATION EXAMPLE 
6-bit shift register 
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-~VJ 
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QUADRUPLE D-TYPE FLIP FLOP WITH RESET 



DESCRIPTION 

The M74LS175P is a semiconductor integrated circuit 
containing 4 positive edge-triggered D-type flip-flops with 
common clock input T and direct reset input Rp and 
discrete data inputs D. 

FEATURES 

• Positive edge-triggering 

• Clock and direct reset inputs common to 4 circuits 

• Q and Q outputs 

• Wide operating temperature range (T a = -20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When T changes from low to high, the D signal immediately 
before the change emerges in outputs Q and Q in accord- 
ance with the function table. By setting R^ low, all the Q 
and Q outputs are set low and high, respectively, irrespec- 
tive of the status of the other inputs signals. For use as a 
D-type flip-flop, R^ must be kept in high. 



PIN CONFIGURATION (TOP VIEW) 




DIRECT _ |— 
RESET Rd -♦ M_ 
INPUT 
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OUTPUTS < _. 
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To] -" °2 , 
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Outline 16P4 







FUNCTION TABLE (Note i) 



rB 


T 


D 








L 


X 


X 


L 


H 


H 


T 


H 


H 


L 


H 


T 


L 


L 


H 


H 


L 


X 


qo 


go 



Note 1 X : Irrelevant 

t '- Transition from low to high level (positve edge trigger) 
0° .' Level of Q before the indicated steady-state input conditions were 
established. 
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QUADRUPLE D-TYPE FLIP FLOP WITH RESET 



ABSOLUTE MAXIMUM RATINGS (Ta= -20 


f-75°C, unless otherwise noted ) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5— +15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~-f75'C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-400 


A* A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = 20~ +75C, unless otherwise noted ) 



* : All typical values are at Vcc — 5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with 4.5V applied to D and Rq after T is set to 0V. 

SWITCHING CHARACTERISTICS (Vcc = 5V,T a = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V : 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l|c=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V 
V| = 2V, l O H=-400;uA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V,V|=2V 


IOL=4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V. V| = 2.7V 






20 


^A 


V C c=5.25V. V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V o = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 3) 




. 11 


18 


mA 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•max 


Maximum clock frequency 


C L =15pF (Note4) 


30 


50 




ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to , 




10 


25 


ns 


tpHL 




12 


25 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from Rq to 0, 




15 


30 


ns 


tpHL 




19 


30 


ns 



Note 4: Measurement circuit 



Vcc 



PG 



50Q- 



=^°l 



W 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

V P = 3Vp.p,Z o = 50a 

(2) Cl includes probe and jig capacitance. 
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QUADRUPLE D-TYPE FLIP FLOP WITH RESET 



TIMING 


REQUIREMENTS (v cc =5V.Ta=25c. 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


t W (T) 


Clock input T pulse width 




20 


4 




ns 


twCRo") 


Direct reset input pulse width 


20 


7 




ns 


tsu(D) 


Setup time high to T 


20 


2 




ns 


th(D) 


Hold time high toT 


. 5 







ns 


trec(R^) 


Recovery time for direct reset input 


25 


5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



3 



tsu(D) th(D) tsu(D) th(D) 

'"* ■+■ 



H 



l — VJ 



tPLH 



tPHL 



tw(Ro) ^ t trec(Rp) . 



EL 



V 



tPHL 



J 

tPLH 




Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 

APPLICATION EXAMPLE 
Timing pulse generator 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 

WITH MODE CONTROL 



DESCRIPTION 

The M74LS190P is a semiconductor integrated circuit 
containing a decade up/down counter function with up/ 
down control and preset inputs. 

FEATURES 

• Up/down switching with up/down control input 

• Asynchronous preset input provided 

• Enable input provided 

• Easy cascade connection possible 

• High-speed counting (f m ax= 38MHz typical) 

• Wide operating temperature range (T a = — 20~+75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 



When enable input E is low, load input LOAD is high and 
the count pulses are applied to clock input T, the number 
of count pulses appear as a BCD code in the outputs Qa, 
Qb, Qc and Qd in synchronization with the count pulses. 
When the up/down control input U/D is made low, 
count-up begins and when made high, count-down begins. 
Counting is performed when T changes from low to high. 

Presetting is performed regardless of the count pulses 
and by applying th e data to data inputs Da, Db, Dc and 
Dd and by setting LOAD low, the Da, Db, Dc and Dd 
signals appear in outputs Qa, Qb, Qc and Qd irrespective 
of the status of the other inputs and the count can be 
preset. Counting proceeds as per the status transition 
diagram with presetting to a numerical value of 10 2 or 
higher. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUT D B -»>[r 



OUTPUTS i 



[ Qa— [T — 



UP/DOWN _ ^ 

CONTROL U/D-+IT 

INPUT — ■ 
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Qc— |T 

Qd-E 
GND [F 
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Qb 


Db d a 


Qa 


T 


E 


RC 


U/D TC 


Qc 


LOAD 


Qd 


Dd 



1 

1- 

nj. 

3* 



Vcc 

- Da data input 
-t clock input 

H7S RIPPLE CLOCK 
>hlu OUTPUT 



TERMINAL 
COUNT OUTPUT 



►TC 

-LOAD LOAD INPUT 

-Dc 



-D D 



DATA INPUTS 



Outline 16P4 



High appears in the terminal count output TC during 
count-up while 9 2 appears in Qa, Qb, Qc and Qd and 
during count-down while 2 appears. Low appears in the 
ripple clock output RC only when E and T are low and 9 2 
appears in outputs Qa, Qb, Qc and Qd during count-up or 
02_ appears in the outputs during count-down. E, TC and 
RC are used when cascade-connecting the counter. (Refer 
to application examples.) 

E can be changed from high to low irrespective of the 
status of T but when changed from low to high, T must be 
high. Perform the change for U/D when T is high. 



BLOCK DIAGRAM 
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LOAD 


E 


U/D 


T 


Qa 


Qb 


Qc 


Qd 


L 


X 


X 


X 


Da 


Db 


Dc 


D D 


H 


L 


L 


T 


Count-up 


H 


L 


H 


T 


Count-down 


H 


H 
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X 
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M74LS190P 

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 

WITH MODE CONTROL 



STATE DIAGRAM 



Note 1. | : Transition from low to high 
X : Irrelevant 



E 


TCH) 


T 


• RC 


L 


H 


L 


L 


L 


H 


H 


H 


H 


X 


X 


H 


X 


L 


X 


H 




TC is the output but the signal generated internally by 
the following l ogica l expression. 

TC = Q A 'Qp'(U7D) Count-up 

TC = Q A 'Q B 'Q C 'Q D « (U/D) Count-down 

OPERATION TIMING DIAGRAM 



Count-up 

— — Count-down 



LOAD " 



Da _T 
Db J" 
Dc J~ 

D D 

T 
U/D 

e"L 

Qa 
Qb 



tit: 

i 



_le: 



iirLrijriJTrLJixLJirLn_nLrL 




Details of timing diagram 

(1) Preset to 13 

(2) Count-up 8, 9,0, 1,2 

(3) Count inhibit 

(4) Count-down 1,0,9,8,7 



COUNT-DOWN 
(4) 

ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+ 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 


' 


-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75'C , unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


•oh 


High-level output current 


Voh^2.7V 







-400 


<uA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V OL ^0.5V 







8 


mA 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 

WITH MODE CONTROL 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75-C, unless otherwise noted) 



Symbol 


Parameter 




Limits 


Unit 




- Min. • 


Typ* 


Max 


V|H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, 1 ic= -18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C C=4.75V, V|=0.8V 
V|=2V, loH=-400/iA 


2,7 


3.4 




V 


Vol 


Low- level output voltage 


V CC =4.75V 
. V|=0.8V, V|=2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


T,LOAD,U/D,Da~D D 


Vcc = 5.25V,V|=2.7V 






20 


mA 


E 






60 


T,LOAD,U/D,D A ~D D 


V C c=5.25V, V|=10V 






0.1 


mA 


E 






0.3 


hL 


Low-level input current 


T,LOAD,U/D,Da~D d 


Vcc-5.25V, V|-0.4V 






-0.4 


mA 


E 






- 1.2 


los 


Short-circuit output current (Note 2) 


V C c=5.25V, V =OV 


-20 




-100 


mA 


Ice 


Supply current 


V C c=5.25V (Note 3) 




20 


35 


mA 



* : All typical values are at V cc = 5V,Ta = 25 C. 

Note 2. All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3. Ice is measured with all the inputs at 0V. 



SWITCHING CHARACTERISTICS (v C c=5v, 


Ta = 25°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


; Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock freqency 


C L =15pF (Note 4) 


20 


40 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, input LOAD to outputs Q a, Q b, Q C Q D 




19 


33 


ns 


tPHL 




25 


50 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Da. Db. Dc, Dp t0 outputs 
Qa. Qb, Qc, Qd 




11 


32 


ns 


tPHL 




25 


40 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tto output RC 




11 


20 


ns 


tPHL 




11 


24 


ns 


tPLH 


Low- to-high-level, high-to-low-level output propagation 
time, from input Tto outputs Qa, Qb, Qc, Qd 




12 


24 


ns 


tPHL 




14 


36 


ns 


tPLH 


Low-to-high- level, high-to-low-level output propagation 
time, from input T to output TC 




20 


42 


ns 


tpHL 




24 


52 


ns 


tPLH 


Low- to-high-level, high-to-low-level output propagation 
time, from input U/D to output RC 




22 


45 


ns 


tPHL 




20 


45 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input U/ D to output TC 




15 


33 


ns 


tpHL 




15 


33 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output RC 




10 


33 


ns 


tPHL 




11 


33 


ns 



Note 4: Measurement circuit 



50Q; 



Vcc 
JL 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz,t r = 6ns,tf=6ns, t w = 500ns, 

V P = 3Vp.p,Z =50n 

(2) C L includes probe and jig capacitance 



r 



C L 



TIMING REQUIREMENTS (V C C = 5V, T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TL) 


Clock input T low pulse width 




25 


9 




ns 


tw(LOAD) 


Load LOAD pulse width ; 


35 


10 




ns 


tr 


Clock pulse rise time 




2000 


100 


ns 


tsu(D) 


Setup time DA~Doto LOAD 


20 


9 




ns 


tsU(EL) 


Setup time E low to T 


40 


24 




ns 


th(D) 


Hold time Da~Dd to LOAD 


5 







ns 


th(EL) 


Hold time E low to T 


5 


2 




ns 


trec(LOAD) 


Recovery time LOAD to T 


20 


16 




ns 
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TIMING DIAGRAM (Reference level = 1.3V) 

twCTO 



Qa~Qd. TC 



T, E 



Da~D d 



LOAD 



Qa~Qd 



U/D 



TC 



f 



T 



JphlJ 



r 



tpLH 



\ 



I 



tPHL *■ 



tPLH 



\ 



V IW(LOAD) ) ( i V 



jr 



tPLH 



t"=HL 



L 






I 



tPLH 
tPHL 



V 



\ 



tPHL 



f 



tPLH 



APPLICATION EXAMPLES 
(1) Asynchronous 2 n counter 



~Dn Tl 



Da~Dd 



>M \\\\\\\\\\\ ffW, 



f 



tsu(D) 



\ 



th(D) 



f 



tsu(D) th(D) 

i « > l * > i 



X X 



1L 



£ 
T 



tsu(EL) th(EL) 



LOAD J- 



tw(LOAD) 



r 



F 



trec(LOAD) 



Note 5. The shaded areas indicate when the input is 
permitted to change for predictable output per- 
formance. 

Note 6. The shaded area with the arrows indicate the 
direction of when the input is permitted to change! 
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PROGRAMS 
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PROGRAMS 



(2) Synchronous 10 n counter 
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JL. 



22 

-L. 



Qa Qb Qc 



Qd 
TC 



,—l-r M74LSI90P 

< iq RC d 
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20 21 
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PROGRAMS 
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DESCRIPTION 

The M74LS191P is a semiconductor integrated circuit 
containing a synchronous 4-bit binary (hexadecimal) 
counter function with up/down control and preset inputs. 

FEATURES 

• Up/down switching with up/down control inputs 

• Asynchronous preset input provided 

• Enable input provided 

• Easy cascade connection possible 

• High-speed counting (fmax=40MHz typical) 

• Wide operating temperature range (T a = — 20~+75 C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

When enable input E is low, load input LOAD is high and 
the count pulses are applied to clock input T,the number of 
count pulses appears as 4-bit pure binary code in the 
outputs Qa, Qb, Qc and Qd in synchronization with the 
count pulses. When the up/down control input U/D is made 
low, count-up begins and when made high, count-down 
begins. Counting is performed when T changes from low to 
high. 

Presetting is performed regardless of the count pulses 
and by applying the data to data inputs Da, Db, Dc and 
Dd and by setting LOAD low, the Da, Db, Dc and D D 
signals appear in outputs Qa, Qb, Qc and Qd irrespective 
of the status of the other inputs and the counter can be 
preset. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUT Db-»[T 

[ QB-d 
OUTPUTS i 

| Qa-[T 

ENABLE INPUT E — » \T 

UP/DOWN _ r— 

CONTROL U/D-»>LL 

INPUT 



OUTPUTS 



J qcn-GE 

GND [T 



1 



Ob° B Da 



Qa T 

E RC 

U/D TC 

Qc LOAD 

Qd d Dc 



1 

K- 
1- 
13- 

75). 

3 



Vcc ■" 
-D A data input 

-T CLOCK INPUT 

fc Hp RIPPLE CLOCK 
OUTPUT 

>Tp TERMINAL 

' COUNT OUTPUT 

-LOAD LOAD INPUT 
-Dc 



— D D 



DATA INPUTS 



Outline 16P4 



High appears in the terminal count output TC during 
count-up while 15 2 appears in Qa, Qb, Qc and Qd and 
during count-down while O2 appears. Low appears in the 
ripple clock output RC only when E and T are low and 15 2 
appears in outputs Qa, Qb, Qc and Qd during count-up or 
02_appears in the outputs during count-down. E, TC and 
RC are used when cascade-connecting the counter. (Refer 
to application example.) 

E can be .changed from high to low irrespective of the 
status of T but when changed from low to high, T must be 
high. Perform the change for U/D when T is high. 



BLOCK DIAGRAM 



OUTPUTS 



>rO 



CONTROL U/D 
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NPUT 
CLOCK INPUT T(T4V 



LOAD INPUT 



Qb 



Qc 



D A 



Qd 



D B 



-®- 



Vcc 

— ® 



-&- 
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1?)TC COUNT 
OUTPUT 




<8) 



Dc 



Dd 
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OPERATION TIMING DIAGRAM 



FUNCTION 


TABLE (Note!) 








LOAD 


1" 


U/D 


T 


Qa 


Qb 


Qc 


Qd 


L 


X 


X 


X 


Da 


Db 


Dc 


D D 


H 


L 


L 


t 


Count-up 


H 


L 


H 


T 


Count-down 


H 


H 


X 


X 


Inhibit 



LOAD 



"" H" 



Note 1 f : Transition from low to high level 
X '• Irrelevant 



E 


TC(0 


T 


RC 


L 


H 


L 


L 


L 


H 


H 


H 


H 


X 


X 


H 


X 


L 


X 


H 



(1) TC is the output but the signal generated internally by 
the following logical ex pressi on.; 

TC = Q A -Q B *Qc 'Qd * (U/D) Count-up 

TC = Q A «Q B *Q C 'Q D *(U/D) Count-down 




PRESET 


COUNT-UP 


COUNT 


COUNT-DOWN 


(D 


(2) 


INHIBIT 
(3) 


(4) 



Details of timing diagram 

(1) Preset to 13 (2) Count-up 14, 15, 0, 1, 2 

(3) Count inhibit (4) Count-down 1 , 0, 15, 14, 13 



ABSOLUTE MAXIMUM RATINGS (Ta = - 20- + 75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


T stg 


Storage temperature- range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


Voh^2.7V 







-400 


juA 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta = -20~+75t;, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V|H . 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2 V, l O H=-400/iA 


2.7 


3 - 4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V|= 2 V 


Iol= 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


l|H 


High-level 
input current 


T, LOAD, U/D, Da~D d 


Vcc=5.25V, V| = 2.7V 






20 


/uA 


E 






60 


T, LOAD, U/D, D A ~D D 


Vcc=5.25V, V|=10V 






0.1 


mA 


E 






0.3 


IlL 


Low-level 
input current 


T, LOAD, U/D, D A ~D D 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


E 






-1.2 


los 


Short-circuit output current (Note 2) 


V C c= 5.25V, V = OV 


-20 




-100 


mA 


Ice 


Supply current 


V C c=5.25V (Note 3) 




20 


35 


mA 



*: All typical values are at V cc = 5V,Ta = 25°C. ) 

Note 2. All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3. I cc is measured with all the inputs at 0V. 



SWITCHING CHARACTERISTICS (v 00 = 5 v. 


Ta = 25'C, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock freqency 


C|_=15pF (Note 4) 


20 


40 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input LOAD to outputs Qa, Qb, Qc. Qd 




19 


33 


ns 


tPHL 




25 


50 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Da, Db, Dq, Dp to outputs 
Qa, Qb, Qc, Qd 




11 


32 


ns 


tPHL 




25 


40 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to output RC 




11 


20 


ns 


tPHL 




11 


24 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qa, Qb, Qc, Qd 




12 


24 


ns 


tPHL 




14 


36 


ns 


tPLH 


Low-to-high-output, high-to-low-level output propagation 
time, from input T to output TC 




20 


42 


, ns 


tPHL 




24 


52 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input U/D to output RC 




22 


45 


ns 


tPHL 




20 


45 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input U/D to output TC 




15 


33 


ns 


tPHL 




15 


33 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output. RC 




10 


33 


ns 


tPHL 




11 


33 


ns 



TIMING 


REQUIREMENTS (v cc =5v. T a = 25-c 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TL) 


Clock input T low pulse width 


/ 


25 


9 




ns 


tw(LOAD) 


Load LOAD pulse width 


35 


10 




ns 


tr 


Clock pulse rise time 




2000 


100 


ns 


tsu(D) 


Setup time DA~Doto LOAD 


20 


9 




ns 


tsU(EL) 


Setup time E low to T 


40 


24 




ns 


th (D) 


Hold time Ua~Dd to LOAD 


5 







ns 


th(EL) 


Hold time E low to T 


5 


2 




ns 


trec(LOAD) 


Recovery time LOAD to T 


20 


16 




ns 
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Note 4: Measurement circuit 

INPUT Vcc OUTPUT 



50 Q< 



±C L 



(1) The pulse generator (PG) has 
the following characteristics: 
PRR = 1MHz, t r = 6ns,tf = 6ns, 
t w = 500ns, Vp = 3Vp. P , Zo = 
50ft. 

(2) C L includes probe and jig . 
capacitance 



■i-J \—t 



TIMING DIAGRAM (Reference level = 1 .3V) 
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f 



tsU(D) th(D) 
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tw(LOAD) 



f 



f 



tree 

APPLICATION EXAMPLES 
(1) Asynchronous 2 n cjj ', 



The shaded areas indicate when the input is 
permitted to change for predictable output per- 
formance. The> shaded areas with the arrows 
indicate the direction of when the input is per- 
mitted to change. 
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(2) Synchronous 2 n 
counter 
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DESCRIPTION 

The M74LS192P is a semiconductor integrated circuit 
containing a synchronous decade up/down counter func- 
tion with direct reset and preset inputs. 

FEATURES 

• Special up count, down count clock inputs 

• Asynchronous preset input provided 

• Direct reset input provided 

• Easy cascade connection possible 

• High-speed counting (f ma x= 38MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device comes with special count-up clock input Tu 
and count-down clock input Td used independently for 
count-up and count-down applications. For count-up, the 
number of count pulses appears as a BCD code in outputs 
Qa, Qb, Qc and Qd in sy nchron ization with the count 
pulses by setting load input LOAD and Tp high, applying 
the count pulses to Tu while for count-down, LOAD and 
Tu are set high and the count pulses are applied to Td. 
Counting is performed when Tu or Td changes from low to 
high. 

Presetting is performed independently of the count pulse. 
Whe n data are applied to data inputs Da, Db, Dc and Dd 
and LOAD is set low, the Da, Db, Dc and Dd signals 
appear in the Qa, Qb, Qc and Qd outputs, respectively, 
regardless of the status of the Tu and Td signals, thereby 
presetting the counter. Counting proceeds as per the status 



PIN CONFIGURATION (TOP VIEW) 
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transition diagram with presetting to a numerical value of 
10 or more. 

Reset can be performed by setting the direct reset input 
Rd high which sets Qa .= Qb = Qc = Qd low irrespective of 
the status of the other inputs. 

Low appears in the carry output CAO during count-up 
when 9 appears in Qa, Qb, Qc and Qd and when Tu is low 
while low appears in output BRO when appears in the 
outputs CAO and BRO should be connected to the next 
stage Tu and Tp for counter cascade connection. (Refer to 
the application examples.) 



BLOCK DIAGRAM 



COUNT-UP CLOCK INPUT Tu (5 




£> 



DIRECT RESET INPUT R D (14> 



LOAD INPUT LOAD (ll)- 
COUNT-DOWN CLOCK INPUT Td (T) 



So 1 

n 
RdRi 




RpRp RpRp RpR D RpRo 

1 u o ' tt ' y i y ' . 1 , V r 

(M.4^j}^ji.oiE 




OUTPUT 



)BR0 



OUTPUT 



DATA INPUTS 



2-228 



A MITSUBISHI 
I 



k ELECTRIC 



MITSUBISHI LSTTLs 

M74LS192P 

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 



FUNCTION TABLE (Notel) 



STATE DIAGRAM 
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Notel. t : Transition from low to high 

* : Normally high but low appears in accordance 
with th e following l ogical expressions: 

CAP = Qa • On • Tjj .-•»■•■•••• Count-up 

BRO = Q a , Qb , Qc ,q D*Td Count-down 

X ' Irrelevant 



OPERATION TIMING DIAGRAM 
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(1) Reset 

(2) Preset to 7 

(3) Count-up 8, 9,0, 1,2 


RESET PRESET 
(D (2) 




COUNT-UP 
(3) 


COUNT-DOWN 
(4) 


(4) Count-down 1,0,9,8,7 



ABSOLUTE MAXIMUM RATINGS < T a = ~20~ + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




- . 5 - -f 7 


V 


Yi 


Input voltage 




-0.5- +15 


V 


v 


Output voltage 


High-level state 


-0.5-V C C 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- 4-150 


°c 





MITSUBISHI 
l ELECTRIC 



2-229 



MITSUBISHI LSTTLs 

M74LS192P 

, SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 

RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V h^2.7V 







-400 


/M 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~ 4-75X. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min , 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C C = 4,75V. he- -18mA 






-1.5 


V 


V H 


High-level output voltage 


V C C = 4.75V. V| = 0.8V 
V|-2V, Ioh=-400a/A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vqc = 4. 75 V 

V| = 0.8V,V|=2V 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V. V|=2.7V 






20 


^A 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 2) 


Vcc-5.25V. V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc =5. 25V (Note 3) 




19 


34 


mA 



* : All typical values are at V cc =5V,Ta = 25°C. 

Note 2. All measurements should be d one qu ickly and not more than one output should be shorted at a time. 

Note 3. Ice is measured with R D and LOAD at OV and Ty , T D , D A ~D D at 4.5V 



SWITCHING CHARACTERISTICS (v 00 =5v. 


Ta=25°C, unless otherwise noted) 










Symbol 


• Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 4) 


25 


38 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tyto output CAO 




7 


26 


ns 


t-PHL 




14 


24 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tq to output BRO 




7 


24 


ns 


tPHL 




19 


24 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ty , Tq to outputs 

Qa, Qb, Qc, Qd 




20 


38 


ns 


tPHL 




17 


47 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input LOADto outputs Q A , Qg, Qc, Qd 




24 


40 


ns 


tPHL 




20 


40 


ns 


tPHL 


High-to-low-level output propagation time, 
from input Rp to outputs Qa, Qg, Qc, Qd 




12 


35 


ns 



Note 4. Measurement circuit 




Vcc OUTPUT 

9 



±:Gl 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3Vp. P ,Zo = 50a 

(2) Cl includes probe and jig capacitance 
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TIMING 


REQUIREMENTS (v cc =5v. T a =25-c. 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


twCTuL) 


Clock input Ty low pulse width 




20 


14 




ns 


tw(T D L) 


Clock input Tp ,ow P u,se width 


20 


18 




ns 


tw(LOAD) 


Load LOAD P ulse width 


20 


11 




ns 


l W(R D ) 


Direct reset Rp pulse width 


20 


4 




ns 


tsu(D) 


Setup time Da~ Dq t0 LOAD 


20 


4 




ns 


th(D) 


hold time Da~Dd to LOAD 


5 


-3 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

twCTu, To.L) 

■< 3 

i L_ 



Tu, T D 



Qa, 0b. Qc, Qd 



1 



t-PHL 






Da, D B , De, D D V 



LOAD 



Qa, Qb, Qc, Qd 



5 i f \J 



tw(LOAD) 



\ 



r 



tpHL 



Tu, T D 



CAO, BRO 



t 



tpHL 



f 



r 



Rd 



/ 



Qa. Qb. Qc. Qd 



tw(Rp) 



\ 



tpHL 
•« a» 



I 



°^°m/t M\m #777 



LOAD 



"V. 



I 



\ 



I 



tsu(D) th(D) 



tsu(D) th(D) 
Note 5. The shaded areas indicate when the input is permitted to change for predictable output performance. 



APPLICATION EXAMPLE 
Asynchronous 10 n counter 



COUNT-DOWN -»- 



DIRECT RESET -*- 
LOAD-*- 



100 



20 21 22 23 

t • t. t t 



Qd . 
CA0>" 



Qa Ob Qc 
Tu 

M74LS192P 

Td BRO 

RdLOAD D a D b D c Do 

~ v — I I I I 



OUTPUTS 



101 



20 21 22 23 

t t t 1 



Qb Qc 
M74LS192P 



Qd ^ 
CA0>" 



T D BRO 

Rd LOAD D A D b D c D d 

v — I I I I 



2 2 1 22 23 

t t t t 



Qb Qc Qd 
Tu CAO 

M74LS192P 

Td BRO 

Rd LOAD D A D B D c D D 

v — I I I I 
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DESCRIPTION 

The M74LS193P is a semiconductor integrated circuit 
containing a synchronous hexadecimal (4-bit binary) up/ 
down counter with direct reset and preset. 

FEATURES 

• Special clock for up count, down count 

• Asynchronous preset input provided 

• Direct reset input provided 

• Cascade connection easily made 

• High-speed counting (f max =38MHz typical) 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device comes with special count-up clock input T u 
and count-down clock input T D used independently for 
count-up and count-down applications. For count-up, the 
count pulse number appears as a 4-bit pure binary code in 
outputs Q A , Q B , Qc and Qd ' n synchronization with the 
count pulses by setting load input LOAD and T D to high, 
applying the count pulses to Ty while for count-down, 
LOAD and Tu are set high and the count pulses are applied 
to T D . Counting is performed when T y or T D changes 
from low to high. 

Presetting is performed regard lessly of the count pulse. 
When data are applied to data inputs D A , D B , D c and D D 
and LOAD is set low, the D A , D B/ D c and D D signals 



PIN CONFIGURATION (TOP VIEW) 
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TTj 4-LOAD LOAD INPUT 
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Qd n Dc 
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To] ♦-Dc 1 

I DATA INPUTS 

H «-D D j 


GND [T 
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Outline 16P4 



appear in the Q A , Q B , Q c , and Q D outputs, respectively, 
regardless of the status of the T u and T D signals, thereby 
presetting the counter. 

Reset can be performed by setting the direct reset input 
RD high which sets Q A = Q B = Q c = Q D low irrespective of 
the status of the other inputs. 

Low appears is the carry output CAO during count-up 
when 15 appears in Q A , Q B , Qc and ^d and when T u is 
low, while low appears in output BRO when appears in 
the outputs and when T D is low. CAO and BRO should be 
connected to Ty and T D of the next stage for cascade 
connection. (Refer to the application example.) 



BLOCK DIAGRAM 



OUTPUTS 



COUNT-UP 
CLOCK INPUT 



Tu Gy>r 




DIRECT RESET R D (14 
LOAD INPUT "LOAD (1 1 

COUNT-DOWN Tn I a 
CLOCK V 




2) CAO 



1 y Y t 7 7 V ' 1 t 7 




7W\ 5^7^ BORROW 
\ij; bhu n , , TD | , x 
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FUNCTION TABLE <Noten 



Rd 


LOAD 


Tu 


T D 


Qa 


Qb 


Qc 


Qd 


CAO 


BRO 


H 


X 


X 


X 


L 


L 


L 


L 


H 


H* 


L 


L 


X 


X ( 


D A 


D B 


Do 


D D 


H* 


H* 


L 


H 


H 


H 


Inhibit 


H* 


H* 


L 


H 


T 


H 


Count-up 


H* 


H* 


L 


H 


H 


r 


Count-down 


H* 


H* 



Note 1 | '- Transition from low to high 

* : Normally high but low appears in accordance with the following 

CAO = Q A « Q B - Q c - Q D « Ty Count-up 

BRO = Q A • Q B • Qc * Qd * T D Count-down 

X .' Irrelevant 



OPERATION TIMING DIAGRAM 
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Details of timing diagram 

(1) Reset 

(2) Preset to 13 

(3) Count-up 14,15,0,1,2 

(4) Count-down 1,0,15,14,13 



ABSOLUTE MAXIMUM RATINGS (T a = -2c 


)~-r-75°C, unless otherwise noted ) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5-+15 


V 


V 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20--+- 75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 
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RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C. unlessotherwisenoted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


juA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS <T a 



-20—4- 75°C , unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V|H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. 1 io= -18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc = 4.75V. V|-0.8V 
V|=2V. I O H=-400a/A 


' 2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 
V|=0.8V.V| = 2V 


loL = 4mA 




0.25 


0.4 


V 


loL^mA 




0.35 


0.5 


V 


l|H 


High-level input current 


Vcc=5.25V. V|^2.7V 






20 


A/A 


Vcc=5.25V. V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V. V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc^5.25V. V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 3) 




19 


34 


mA 



* : All typical values are at V cc = 5V, T a = 25°C. 
Note 2: All measurements should be d one qu ickly and not more than one output should be shorted at a time. 
Note 3: l cc is measured with R D and LOAD at 0V and Ty , T D , D A ~D D at 4.5V 



SWITCHING CHARACTERISTICS (v cc =5v. 


Ta=25°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Cl=15pF (Note 4) 


25 


38 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ty to output CAO 




7 


26 


ns 


tpHL 




14 


24 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tp to output BRO 




7 


24 


ns 


tPHL 




19 


24 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Ty , Tp to outputs Q A , Q B , Qc, Qd 




20 


38 


ns 


tPHL 




17 


47 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input LOAD to outputs Q At Qb, Q c ; Q d 




24 


40 


ns 


tpHL. 




20 


40 


ns 


tpHL 


High-to-low-level output propagation time, from input 
r d to outputs o A , Qb, OcOd 




12 


35 


ns 



Note 4: Measurement circuit 




(1 ) The pulse generator (PG) has the following characteristics: 
PRR=1MHz, t r =6ns, t f =6ns, t w =500ns, V P = 3V P . P , Z o = 50ft. 
-1- ^L (2) C L includes probe and jig capacitance 
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TIMING 


REQUIREMENTS (v cc =5v. T a =25»c. 


unless otherwise noted ) , 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TuL) 


Clock input Ty low pulse width 




20 


14 




ns 


tw(T D L) 


Clock input Tp low pulse width 


20 


18 




ns 


tw(LOAD) 


Load LOAD pulse width 


20 


11 




ns 


tw(R D ) 


Direct reset Rq pulse width 


20 


4 




ns 


tsu(D). 


Setup time Da~Dd to LOAD 


20 


4 




ns 


th(D) 


Hold time Da~ Dq to LOAD 


5 


-3 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(Tu. T D , L) 

I 



Tu, T D 



Qa, Qb, Qc, Qd 



\ 






_r 



J 



tPLh 



f 



Da, B B , D c , 



)c, D D / \ 

' tw(LOAD) *" 



LOAD 



Qa, 0b, Qc, Qd 



5 l^^j 



-4 V- 

tPLH tpHL 



Tu, T D 



CAO, BRO 



\ 



tPHL 



\ 



/ 



I 



D A , Db, Dc, 



LOAD 



MB 
"V. 



T 



J" 



m m, 



\ 



I 



Rd 



/ 



Qa, Qb, Qc, Qd 



1 w(r d ) 



tPHL 



tsu(D) h(D) t S u(D)th(D) 

Note 5: The shaded areas indicate when the input is permitted to change for predictable output performance." 



X 



APPLICATION EXAMPLE 
Asynchronous 2 n counter 



COUNT-DOWN -*- 



DIRECT RESET -*- 
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' J L 
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Rd LOAD D a D b D c D d 

V 1 I I I 
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f T t ' 



Qc Qd 
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T D BR0|D- 

Rd LOAD Da D b D c D d 

— v — n — i — T 
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t t t t 
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BRO 
RdLOAD D a D b D c Dq 

v — I I I I 



PROGRAM 
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4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER WITH RESET 



DESCRIPTION 

The M74LS194AP is a semiconductor integrated circuit 
with a 4-bit bidirectional serial/parallel input-serial/parallel 
output shift register functions. 

FEATURES 

• Synchronous serial/parallel input-serial/parallel/output 

• Right shift and left shift functions 

• Mode control input provided 

• Direct reset input provided 

• Hold mode function 

• Wide operating temperature range (T a = — 20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device is usable as a serial input-serial/parallel output 
and parallel input-serial/parallel output shift register with 
the modes control inputs M/Ci and M/C 2 . When M/Ci is 
kept in high and M/C 2 in low, the serial data are applied to 
right shift data input Dsr and the clock pulse is applied to 
clock input T, the serial data are shifted sequentially to 
outputs Q ~Q3 in synchronization with the clock pulse. 
When M/Cx is kept in low and M/C 2 in high the serial data 
are applied to left shift data input Dsl and clock pulse is 
applied to clock input T, the serial data are shifted 
sequentially in synchronization with the clock pulse. The 
D ~D 3 signal appears in Q ~Q3 by keeping M/C! and 
M/C 2 in high, applying the parallel data to parallel data 
inputs D ~D 3 and applying a 1-bit clock pulse to clock 
input T. When both M/Ci and M/C 2 are kept in low, the 
status of the flip-flops does not change even if the clock 



PIN CONFIGURATION (TOP VIEW) 
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Outline 16P4 



pulse is applied to the clock input T. 

When T changes from low to high, the right shift, left 
shift or parallel data are read in. Q ~Q3 are set low by 
setting direct reset input Rd low irrespective of the status 
of the other input signals. 



BLOCK DIAGRAM 
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4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER WITH RESET 



FUNCTION TABLE (Note D 


Operational mode 


Rd 


M/Ci 


M/C 2 


T 


D S R 


D S L 


D ~D 3 


Qo 


Qi 


Qz 


Q 3 


Direct reset 


L 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


Right shift 


H 


H 


L 




L 


X 


X 


L 


Qo° 


Qi° 


q 2 o 


H 


H 


L 




H 


X 


X 


■ H 


Qo° 


Qi° 


Q 2 


Left shift 


H 


L' 


H 




X 


L 


X 


Qi° 


q 2 o 


Q3° 


L 


H 


L 


H 




X 


H 


X 


Qi° 


02° 


Q3° 


H 


Parallel read 


H 


H 


H 




X 


X 


Do~D 3 


Do 


Di 


D 2 


• D 3 


Clock inhibit 


H 


L 


L 


X 


X 


X 


X 


Qo° 


0i° 


Q 2 


03° 



Note 1. | : Transition from low to high (positive edge trigger) 

Q° '. Level of Q before the indicated steady-state input conditions were established 
X '. Irrelevant 

ABSOLUTE MAXIMUM RATINGS (Ta = -20-+75t; , unless otherwise noted) 



RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75<C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


juA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75''C. unless otherwise noted) 



* : All typical values are at V cc = 5V, Ta = 25°C. 
Note 2: All measurements must be done quickly and not more than one output should be shorted at a time. 
Note 3: l cc is measured after D ~D 3 have been set to 0V, Dsr. Dsl. M/C 1( M/C 2 and R^ to 4.5V and T to 4.5V from 0V. 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V|=0.8V 
V|'=2V. loH=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=0.8V, V| =2V 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


^A 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V = V 


-20 




-100 


mA 


lcc 


Supply current 


Vcc=5.25V (Note 3) 




15 


23 


mA 
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SWITCHING CHARACTERISTICS CVcc=5V. Ta=25r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 4) 


25 


45 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output (propagation 
time, from input T to outputs Q ~ Q3 




10 


22 


ns 


tPHL 




12 


26 


ns 


tPHL 


High-to-low-level output propagation time, 
from input Roto outputs Qrj~Q3 




8 


30 


ns 



Note 4: Measurement circuit 

INPUT - 



V C C 



OUTPUT 



=PC L 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp. P , Z = 50ft. 

(2) Cl includes probe and jig capacitance. 



TIMING REQUIREMENTS (vcc=5v. Ta = 25c, 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input T high pulse width 




20 


5 




ns 


tw(RB) 


Direct reset input Rq pulse width 


20 


6 




ns 


tsu(D) 


Setup time D to T 


20 


7 




ns 


tsU(M/C) 


Setup time M/C1, M/C2 tQ T 


30 


12 




ns 


th(D) 


Hold time Dto T 





-3 




ns 


th(M/C) 


Hold time M/C1, M/C2toT 





- 6 




ns 


trec(Rn~) 


Recovery time to direct reset 


25 


3 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

•__/ — \ i — \_ 

I tw(T) \ / >— 



tPHL 



Oo~Q3 



"Y 



*1 jf 



tpLH 



r 



tw(R D ) 



trec(Ro) 



f 



tPHL 



M/Ci 



M/C 2 



Oo~Q3 



L^ 



tsu(D) 



\M 



th(D)-** 



D0-D3 



imw^ 



tsU(D) 



■*■*■ th(D) ■*•-*- th(D) 



tsU(D) 



M/Ci,M/C 2 



tsU(D) 
th(D) 



SD^MO® 



tsU(M/C) 



^B 



th(M/c)- 



tsu(M/C) 

h 

th(M/c)- 



~^_iVJ" 



00--Q3 



v_^~^_/ 



Note 5: The shaded areas indicate when the input is permitted to 
change for predictable output performance. The broken 
liners for M/C, and M/C 2 indicate three timings for left 
shifting. Setup time Dsr is for Q only; setup time Dsl 
is for Q3 only 
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DESCRIPTION 

The M74LS195AP is a semiconductor integrated circuit 
containing a 4-bit serial/parallel input-serial/parallel output 
shift register function with a direct reset input. 

FEATURES 

• Synchronous serial/parallel input-serial/parallel output 

• Right shift function 

• Left shift function available with external connection 

• Mode control input provided 

• Serial inputs J and K provided 

• Direct reset input provided 

• Q 3 and Q 3 outputs provided 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device can be used as a serial input-serial/parallel 
output and parallel input-serial/parallel output shift register 
with the mode control input M/C signal. When M/C is kept 
in high, the serial data are applied to serial data inputs J and 
K and the clock pulse is applied to clock input T, the serial 
data are shifted sequentially into outputs Q ~Q3 in 
synchronization with the clock pulse. The first stage 
flip-flop with J and K functions as a J-K flip-flop. When 
serial data are applied from line 1, J and K are mutually 
connected and used as serial input pins. When M/C is kept 
in low, the parallel data are applied to parallel data inputs 
D ~D 3 and a 1-bit clock_pulse is applied to T, the D ~D 3 
signals appears in Q ~Q 3 . When T changes from low to 
high, the shift or parallel reading operation is performed. 



PIN CONFIGURATION (TOP VIEW) 


DIRECT RESET =- , 

INPUT Rd -»[T 

\ j -rr 

SERIAL DATA J I— 

inputs 1k-.[T 


W 




76) Vcc 




A 




J Qo 
K Qi 




Is] ->Qo 
M] -+Qi 






'd -» (T 




Do Q2 




13] -02 


-OUTPUTS 


PARALLEL 
DATA < 
INPUTS 


Di"> (T 
D 2 -> [? 




Di Q3 

D2 Q3 




2U — ♦ Q3 






D 3 -* \T 




03 M/C T 




10J *— T CLOCK INPUT 

— , MODE 
JJ «- M/CCONTROL 


GND [T 




I 






Outline 16P4 



The last stage flip-flop output has mutually complementary 
outputs Q 3 and Q 3 . Q ~Q 3 are reset low and Q 3 high by 
setting direct reset input Rd low irrespective of all the 
other input signals. 



BLOCK DIAGRAM 



CLOCK INPUT T @ [>> 



DIRECT RESET R D (T) — c(>o- 
INPUT ^ ^ 



MODE 
CONTROL M/CC9 
INPUT 



S 1 

T 
RRpO 





D 3 



"® 



SERIAL DATA INPUTS 



PARALLEL DATA INPUTS 
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FUNCTION TABLE (Note v 



Operational mode 


T 


R^" 


M/C 


J 


K~ 


D ~D 3 


Qa- 


Oi 


02 


3 


03 


Direct reset 


X 


L 


X 


X 


X 


X 


L 


L 


L 


L 


H 


Right shift 


' T 


H 


H 


H 


H 


X 


H 


0o° 


Qi° 


2 o 


O2 


T 


H 


H 


L 


L 


X 


L 


0o° 


O1 


O2 


oi° 


r • 


H 


H 


H 


L 


X 


Qo« 


0o° 


Q1 


O2 


02° 


T 


H 


H 


L 


H 


X 


0o° 


0o° 


O1 


Q 2 


0l° 


Parallel read 


T 


H 


L 


X 


X 


Do-Ds 


Do 


Di 


D 2 


D 3 


dT 



Note 1 . t 
00 
X 



Transition from low to high (positive edge triggering) 

Level of Q before the indicated steady-state input conditions were established 

Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~-f75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5~-f 15 


V 


Vo 


Output voltage 


High-level output 


-0.5~VcC 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




- 65 - ♦- 1 50 


9 C 



RECOMMENDED OPERATING CONDITIONS (Ta= -20~ +75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







-400 


juA 


lOL 


Low-level output current 


V L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~ +75C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Vih. 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc-4.75V, l| =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V|=2V. l O H=-400M 


2.7 


3.4 . 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V,V|=2V 


'OL~4mA 




0.25 


0.4 


V 


l0L = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


/^A 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc =5. 25V (Note 3) 




14 


21 


mA 



* : All typical values are at Vcc=5V,Ta=25 C. 
Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 3: Ice is measured with M/C at 0V, J, K and D ~D 3 at 4.5V, with Rq kept at 4.5V after changing from 0V and after changing T from C 
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SWITCHING CHARACTERISTICS (V c = 5V. T a =25-C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•max 


Maximum clock frequency 


C L =15pF (Note 4) 


30 


60 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tto outputs Qrj ~ Q3, 03 




12 


22 


ns 


tpHL 




12 


26 


ns 


tpHL 


High-to-low-level output propagation time, 
from input Roto output Qq ~C/3 




14 


30 


ns 


tpLH 


Low-to-high-level output propagation time, 
from input Rd to output Q3 




12 


30 


ns 



Note 4: Measurement circuit 



c 


p 


c 


f 


O 


PG 






DUT 








1 


7 


T 


W 



(1 ) The pulse generator has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3V P .p, z = 5on. 

(2) Cl includes probe and jig capacitance. 



TIMING REQUIREMENTS (v cc =5v, T a =25°c, 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input T high pulse width 




16 


10 




ns 


tw(Ro) 


Direct reset Rp pulse width 


12 


6 




ns 


tsu(D) 


Setup time input data to T 


15 


3 




ns 


tsu(M/C) 


Setup time M/C to T 


25 


10 




ns 


th(D) 


Hold time input data to T 


3 


- 1 




ns 


th (M/C) 


M/C hold time to T 





-7 




ns 


trec(R^) 


Direct reset recovery time to T 


2 . 5 


5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



tsU(D) th(D) 



J, K, Do~D 3 



Qo~03 



03 



tsu(D) th(D) 



MM 



1 c tw <T) A I 



\ 



tPHL 



^y£ 




Rd 



Qo~Q 3 



Q3 



^iJ 



^(RdL, trecCRB). 



/ 



.tPHL V 



/ 



/ 



A 



tsU(M/C) th(M/C) tsu(M/C) 



M/C 



2t 



mm 



r\ 



th(M/C) 



m 



f 



Note 5: The shaded areas indicate when the input is permitted to 
change for predictable output performance. 
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DESCRIPTION 

The M74LS196P is a semiconductor integrated circuit 
containing an asynchronous decade counter function with 
direct reset input and preset input. 

FEATURES 

• Direct reset input and asynchronous preset input pro- 
vided 

• Usable independently as binary and divide-by -five coun- 
ter 

• High-speed counting (fmax = 80MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and 
divide-by-5 counters. Clock input Ti and output Qa are 
employed for use as a binary counter while clock input T 2 
and Qb, Qc and Qd are employed for use as a divide-by-5 
counter. When employed as a decade counter, Qa and T 2 
are connected and by making Ti the input, the count 
number as a BCD code appears in outputs Qa, Qb, Qc and 
Qd. Counting is performed when "I*! and T 2 are changed 
from high to low. 

The counter can be preset by applying data to data 
inputs Da, Db, Dc and Dd and by setting LOAD input 
low, and the Da, Db, Dc and Dd signals appear in Qa, Qb, 
Qc, Qd outputs irrespective of the Ti and T 2 inputs. When 
preset to a numerical value of 10 or above, the count 
proceeds in accordance with the status transition figure. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUTS 



LOAD INPUT LOAD -♦ [7 

OUTPUT Qc «- (T 

Dc — |T 

Da'-* (T 

OUTPUT Qa <~ GE 

CLOCK INPUT T 2 -*■ (T 

GND {T 



1 



LOAD 
Qc Rd 



Qa D b 



T 2 Qb 

Ti 



_ DIRECT 

TR 4- R D RESET 

121 INPUT 

T|] -♦ Q D output 

TT] «- D D | 

10] — Db 

T] -»• Qb output 

T| «- T] CLOCK INPUT 



DATA INPUTS 



Outline 14P4 



STATE DIAGRAM 




BLOCK DIAGRAM 



CLOCK INPUT Ti (8 



LOAD INPUT LOAD (l 



DIRECT RESET 



Qa 




Qb 

-<2> 



■ ^^UJ 



xn 



Qc 




Qd Vcc 



?^F 



-QS>- 




-C2>- 

Dc 



1) 
GND 



DATA INPUTS 
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For resetting, it is possible to set Qa = Qb = Qc = Qd = 
low by setting direct reset input R D low irrespective of 
the status of the other inputs. 



FUNCTION TABLE 


(Note 1) 








T 


Rd 


LOAD 


Qa 


Qb 


Qc 


Qd 


X 


L 


X 


L 


L 


L 


L 


X 


H 


L 


Da 


d b 


Dc 


Dd 


1 


H 


H 


Count 



Note 1 I : Transition from high to low (negative edge trigger) 
X I Irrelevant 

ABSOLUTE MAXIMUM RATINGS 



Count 
number 


Qa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


■ L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


■H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 



(T a 



-20 — f-TS'C, unless otherwise noted) 



( 1 ) Valid when Q^ and T 2 are connected and Ti is made the input 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 


Inputs Ti , T2 


-0.5- + 5.5 


V 


Inputs LOAD, Rd, Da~Dd 


-0.5—+15 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


TC 


T stg 


Storage temperature range 




-65~ + 150 


V 



RECOMMENDED OPERATING CONDITIONS (Ta= -20+750, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-400 


//A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~+75t, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2 V, Ioh=-400a/A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V|= 2 V 


Iol = 4 mA 




0.25 


0.4 


V . 


Iql= 8 mA 




0.35 


0.5. 


V 


Iih 


High-level 
input current 


LOAD, D A , D B , Dc, D d 


Vcc=5.25V, V| = 2.7V 






20 


juA 


Ti , FTd 






40 


T 2 






80 


T 


Vcc- 5.25V,- V,-5.5V 






0.2 


mA 


Ti 






0.4 


LOAD, Da, Db, Dc, Dd 


Vcc=5.25V, V|=10V 






0.1 


Rd 






0.2 


IlL 


Low- level 
input current 


LOAD, Da, Db, Dc, Dd 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


Rd" 






-0.8 


Ti 






-2.4 


Ti 






-2.8 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc= 5.25V (Note 3) 




16 


27 


mA 



* : All typical values are at V cc = 5V, Ta = 25 C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: lc c is measured with all inputs at. OV. 
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SWITCHING CHARACTERISTICS (v cc = 5v, 


Ta = 25*C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'max 


Maximum clock frequency, 
from input Tf to output Q& 


C L -15pF (Note 4) 


30 


80 




MHz 


fmax 


Maximum clock frequency, 
from input T2 to output Qb 




25 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time from input T1 to output Qa 




9 


15 


ns 


tpHL 




8 


20 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qb 




10 


24 


ns 


tpHL 




10 


33 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qc 




20 


57 


ns 


tpHL 




17 


62 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qd 




10 


18 


ns 


tpHL 




9 


45 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output 
propagation time, from inputs Da, Db, Dc, Dd 
to outputs Qa, Qb. Qc. Qd 




9 


30 


ns 


tpHL 




11 


44 


ns 


tpLH 


Low-to-high-level, hiqh-to-low-level output 
propagation time, from input input LOAD to outputs 
Qa. Qb. Qc. Qd 




14 


41 


ns 


tpHL 




10 


45 


ns 


tPHL 


High-to-low-level output propagation time, 
from input Rp to outputs Qa, Qb, Qc, Qd 




14 


51 


ns 



Note 4: Measurement circuit 



Vcc 





c 


p 


1 


1 


O 






DUT 




PG 












50Q^ 


77 


7 


777 



The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp=3V P .p, 2o = 50n. 
Cl includes probe and jig capacitance 



TIMING REQUIREMENTS (Vcc= 5 V, Ta = 25t, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TTH) 


Clock input Ti high pulse width 




20 


5 




ns 


tw (T 2 H ) 


Clock input T2 high pulse width 


30 


17 




ns 


tw(LOAD) 


Load LOAD input pulse width 


20 


8 




ns 


tw(Ro) . 


Direct reset Rq pulse width 


15 


4 




ns 


tsU(DL) 


Setup time Da~ Dd low to LOAD 


15 


3 




ns 


tsU(DH) 


Setup time DA~DD hi 9 nto LOAD 


10 







ns 


th(DL) 


Hold time Da— Dd low to LOAD 


6 







ns 


th(DH) 


Hold time Da~Dd high to LOAD 


3 


-1 




ns 


tree (load") 


.Recovery time LOAD to T 


30 


7 




ns 


trecCRo) 


Recovery time RotoT 


30 


7 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



- ~\_J = \ 



Qa.Qb.Qc.Qd 



\ 



tPHL 



Da,Db,Dc.D d 



\ 



r 



Qa.Qb.Qc.Qd 



tPLH 



tPHL 



/ 



J 

tPLH 
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Da.Db.Dc 



tw(LOAD) 



1- 



Qa.Qb.Qc.Qd 



tPLH 



i V 



tPHL 



R Di LOAD 



Ti.T 2 



Qa.Qb.Qc.Qd 



tw(RD). tw(LOAD) 



'^—T, 



tPHL 



\ 



\ 



/ 



Da.Db.Dc.I 



°°ZS[ ^^ m 



tsU(DH) th(DH) 



\ 



tsUCDLjRl(DL), 



Note 5: The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

APPLICATION EXAMPLES 

(1) Divide-by-10 n presettable counter 



COUNT INPUT - 



DIRECT RESET 
INPUT 



LOAD INPUT ~^- 



10° OUTPUTS 



CTi 



Qa Qb Qc .Qd 



M74LS196P 



Rd LOAD D A Db Dc D d 

y y 



10° DATA INPUTS 



10 1 OUTPUTS 



Qa Qb Qc Qd 
ri 

M74LS196P 

~2 

Rd LOAD D a D b D c D d 




From Qo of 
previous stage 



10 ] DATA INPUTS 



C T! 



10 n OUTPUTS 



Qa Qb Qc Qd 



P 2 M74LS196P 

RdLOADDa D b D c D d 

y y 



10 n DATA INPUTS 



The above counter can be configured by connecting n + 1 
M74LS196P devices. It operates at a high speed (60MHz typical) 
but since the system is synchronous, the time during which the output 



changes with respect to the input is delayed in accordance with the 
following formula. 



The delay time (typical) of each output at the Mth stage is: 
Qa 20 (M-D+8 ns Q c 20 (M- 1) +31 ns 
Qb 20(M-1)+17ns Q D 20(M-1)+20ns 

(2) Use as a latch 

OUTPUTS 



Qa Qb Qc Qd 

i 

M74LS196P 
■> 

RdLQADDaDb Dc Dp 



cx^ 



DIRECT RESET ~^_ 
INPUT 

ENABLE INPUT ->- 



DATA INPUTS 



DIRECT RESET 
INPUT 



1L 



DATA INPUT I I J 

ENABLE INPUT | ' 



-J 



OUTPUT 



1-T-+ 



I I 
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DESCRIPTION 

The M74LS197P is a semiconductor integrated circuit 
containing an asynchronous hexadecimal (4-bit binary) 
counter function with direct reset and preset inputs. 

FEATURES 

• Direct reset input and asychronous preset input provided 

• Usable independently as binary and octal counter 

• High-speed counting (f ma x= 80MHz typical) 

• Wide operating temperature range (T a = -20~+75°C) 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and octal 
counters. Clock input Ti and output Qa are_employed for 
use as a binary counter while clock input T 2 and Qb, Qc 
and Qd are employed for use as an octal counter/When 
employed as a hexadecimal counter, Qa and T 2 are 
connected and by making T 1 the input, the count number 
as a 4-bit pure binary code appears in outputs Qa, Qb, Qc 
and Qd. Counting is performed when T x and T 2 are 
changed from high to low. 

The counter can be preset by applying data to data 
inputs Da, Db, Dc and Dd and by setting LOAD input 
low, and the Da, Db, Dc and Dd signals appear in Qa, Qb, 
Qc, Qd outputs irrespective of the T x and T 2 inputs. 

For resetting, it is possible to set Qa = Qb = Qc = Qd = 
low by setting direct reset input Rd low irrespective of the 
status of the other inputs. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUTS 



LOAD INPUT LOAD -* [T 

OUTPUT Qc *- (T 

Dc-*[T 

D A — \T 

OUTPUT Q A «- \± 

CLOCK INPUT T 2 -► Q[ 

GND (7 




Vcc 

I—. — DIRECT RESET 

13| +- Rd INPUT 

Tf] -+ Qd OUTPUT 

TT] *- D D 

jo) «- D B 

T] -* Qb output 

T) *- T} CLOCK INPUT 



DATA INPUTS 



Outline 14P4 



BLOCK DIAGRAM 



OUTPUTS 



Qa 



CLOCK INPUT Ti (8> 
CLOCK INPUT TT (6> 



LOAD INPUT LOAD Q 
DIRECT RESET INPUT R^ @ 

L 




Qb 




Qc 




Od Vcc 



Db 



Dc 



DATA INPUTS 




"QJJ — \2) 

Dp GND 
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FUNCTION TABLE (Not-n 



T 


Rd 


LOAD 


Qa 


Qb 


Qc 


Qd 


X 


L 


X 


L 


L 


L 


L 


X 


H 


L 


Da 


D B 


D C 


D D 


i 


H 


H 


Count 



Note 1 I • Transition from high to low (negative trigger) 
X • Irrelevant 



Count number 


Qa 


Qb 


Oc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 


10 


L 


H 


L 


H 


11 


H 


H 


l' 


H 


12 


L 


L 


H 


H 


,13 


H 


L 


H 


H 


14 


L 


H 


H 


H 


15 


H 


H 


H 


H 



( 1 ) Valid when Qa and T2 are connected and T1 is made the input 



ABSOLUTE MAXIMUM RATINGS <Ta = -20~+751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V, 


Input voltage 


Inputs Ti, T2 


-0.5-+5.5 


V 


Inputs LOAD, R D , Da~Dd 


-0.5- + 15 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


V 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


/"A 


"OL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+751C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V. V| = 0.8V 
V|= 2 V, loH=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V. V|= 2 V 


loi_= 4 mA 




0.25 


0.4 


V 


Iol= 8 mA 




0.35 


0.5 


V 


Iih 


High-level 
input current 


LOAD, Da, Db, Dc, Dd 


Vcc=5.25V, V| = 2.7V 






20 


ma 


Rd. tT, T2 






40 


tl.TI 


Vcc=5.25V, V| = 5.5V 






0.2 


mA 


LOAD, Da, Db, Dc, Dd 


Vcc=5.25V, V|=10V 






0.1 


Rd 






0.2 


IlL 


Low-level 
input current 


LOAD, D A , Db, Dc, Dd 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


Rd 






-0.8 


t~[ 






-2.4 


Ti 






-1.3 


los 


Short-circuit output current (note 2) 


Vcc=5.25V, V = OV 


-20 




-100 


mA 


Ice 


Supply current 


Vcc= 5.25V (Note 3) 




16 


27 


mA 



* : All typical values are at V cc =5V,Ta = 25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 3: Ice " s measured with all inputs at OV. 



SWITCHING CHARACTERISTICS (vcc= 5 v, 


Ta = 25 1 , unless otherwise noted) 










Symbol 


Parameter 


Test conditons 


Limits 


Unit 


Min 


Typ 


, Max 


fmax 


Maximum clock frequency(Ti) 


C L =15pF (Note 4) 


30 


80 




MHz 


fmax 


Maximum clock frequency (Ti) 




35 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input Ti to output Qa 




6 


15 


ns 


tPHL 


~. 


7 


21 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qb 




8 


19 


ns 


tPHL 




8 


35 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qc 




15 


51 


ns 


tPHL 




15 


63 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qq 




22 


78 


ns 


tPHL 




24 


95 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from inputs Da, Db, Dc, Dd 
to outputs Qa, Qb, Qc. Qd 




8 


27 


ns 


tPHL 




10 


44 


ns 


tPLH 


Low-to-high-level output propagation time, from 
input LOAD to outputs Q A , Qb, Qc. Qd 




13 


39 


ns 


tPHL 




10 


45 


ns 


tPHL 


High-to-low-level output propagation time, from 
input Rd to outputs Qa, Qb. Qc Qd 




13 


51 


ns 



Note 4: Measurement circuit 



Vcc 



< 


j> 


I 











DUT 




PG 














50Qt 









OUTPUT 



4=C L 



(1 ) The pusle generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
V P =3Vp.p, Zo = 50n. 

(2) Cl includes probe and jig capacitance 
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TIMING 


REQUIREMENTS (v cc =5v, Ta= 25 ic 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TTH) 


Clock input Ti high pulse width 




20 


5 




ns 


t\\(TzH> 


Clock input T2 high pulse width 


30 


14 




ns 


tw(LOAD) 


Load LOAD input pulse width 


20 


8 




ns 


tw(RD) 


Direct reset Rd pulse width 


15 


4 




ns 


^SU(DL) 


Setup time Da~Dd low to LOAD 


15 


3 




ns 


tsU(DH) 


Setup time Da~ Dd high to LOAD 


10 







ns 


th(DL) 


Hold time Da~Dd low to LOAD 


6 







ns 


th(DH) 


Hold time Da~Dd high to LOAD 


3 


-1 




ns 


trec(LOAD) 


Recovery time LOAD to T 


30 


7 




ns 


trec(R^) 


Recovery time Ro.toT 


30 


7 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

twCTT.TFH) 



™~\_J \ 



Qa.Qb.Qc.Qd 



Da. Db, Dc,D d 



Qa.Qb.Qc.Qd 



\ 



tPHL 



^A 



tw(LOAD) 



/ 



tPLH 



Da. D b , D c ,D d 



\ 



r 



Qa.Qb.Qc.Qd 



tPLH 



tPHL 



1 



/ 



J 

tPLH 



tw(Ro), tw(LOAD) 



/ X 



R D , LOAD 



■ Ti , T 2 



\ 



7\- 

tPHL 



Qa.Qb.Qc.Qd 



\ 



tPHL 



I 



Da.Db.Dc.Dd 



zza 



LOAD 



■<i 



I 



MM ffl 



A 



I 



tsu(DH) th(DH) ' tsu(DL) th(DL) 

Note 5: The shaded areas indicate when the input is 
permitted to change for predictable output performance. 
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DESCRIPTION 

The M74LS221P is a semiconductor integrated circuit 
containing two monostable multivibrator circuits with 
direct reset inputs. 

FEATURES 

• Pulse width excellent temperature characteristics and 
supply voltage 

• Schmidt trigger inputs (B inputs) provided 

• Wide output pulse width range (t w = 47ns ~ 1s) 

• Operation possible with duty cycle up to 90% 
(R T =10(M2) 

• Direct reset inputs provided 

• A, B complementary inputs provided 

• Q and Q outputs 

• High input breakdown voltage (V|> 15V) 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Positive pulses appear in output Q and negative pulses in 
output Q by connecting external resistor R T and electro- 
static capacitor C T to timing pins Re/Ce anc ^ ^e# as shown 
in Fig. 1, and by applying a trigger from input A or B. The 
width t w of the pulses appearing in the outputs is set by R T 
and C T . When A changes from high to low or when B 
changes from low to high, the trigger is applied. This IC is 
able to obtain an output pulse width with excellent supply 



PIN CONFIGURATION (TOP VIEW) 


TRIGGER I 1A ~*Ll 
INPUTS 1 

DIRECT ,__ 

reset ir d -*nr 

INPUT I— 

[ 1Q — IT 

OUTPUTS 4 *— 

[ 2C E [6 
TIMING I 

PINS |2R E /Ce [7 

GND [8 




Ifm 




ll] Vcc 

15| 1Re/C e ] 
-21 * & l TIMING 
— , f INPUTS 
14] 1C E ] 

]U — 1Q 1 

_ _ 1- OUTPUTS . 

12] — ^ 2Q J 

, DIRECT 

11]*-2Rd RESET 
— ' INPUT 

10l«- 2B 1 

— * I TRIGGER 
_ _ | INPUTS 

H- 2A J 




T 
Rd 
1 






_l I 








~\ [- 






1 

Rd 
T 






(infi- 






Outline 16P4 





voltage and temperature characteristics since both its 
supply voltage and temperature are assured. 

Q can be reset immediately low and Q high by setting 
direct reset input R^ low irrespective of the status of the 
outputs. If R^ changes from low to high when A is low and 
B is high, the trigger is applied and the pulse appears in the 
output. 



BLOCK DIAGRAM (EACH MONOSTABLE MULTIVIBRATOR) 



TIMING PINS 



TRIGGER INPUTS 



<H> 



B O- 



DIRECT RESET INPUT R D O- 




•^C^ 



H> 



-OQ 



4>-o' 
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TIMING PIN EQUIVALENT CIRCUIT 



Ce 



Vcc 



._A 



< 



1.2k 




-oC E 



ifif±:Q 



Re/Ce 



Vcc 
19ki 



200 n^ 

Re/Ceo vv\ r 



M.1t:a 



FUNCTIO 


N TABLE 


(NoteD 






Rd 


A 


B 


Q 





L 


X 


X 


L 


H 


X 


H 


X 


L 


H 


X 


X 


L 


L 


H 


H 


L 


T 


_n 


~LJ 


H 


i 


H 


J~L 


i_r 


T 


L 


H 


_TL 


is 



OPERATION DESCRIPTION 
1. How to use the timing pins 

As shown in Fig. 1, external resistor R T and electrostatic 
capacitor C T are connected to timing pins Re/Ce and C E . 
Connect the negative to the R e /Ce side and the positive to 
the C E side when using C T with polarity. 

V CC Q 



To Ce pin 



To Re^e pin 



Fig. 1 Connection of external resistor Ry and capacitor 
Cj to timing pins Re/Ce and Ce 



ABSOLUTE MAXIMUM RATINGS (Ta= -2o~ +75X:, 



NoteL T • Transition from low to high. 

1 : Transition from high to low. 

J - !- Positive one-shot operation. 

1_T • Negative one-shot operation. 

X : Irrelevant 

2. Output pulse width t^ 

The output pulse width t w is set using R T and C T by the 
following formula: 

tw = CT-RT- In2 (ns)X (1+0.1) 
= 0.7C t -Rt (ns) X (1±0.1) 
R T is measured in kiloohms and C T in picofarads. 
Individual fluctuations of +10% may occur in prod- 
ucts. 
Depending on the product, fluctuations in the order of 
3/- 10% may occur. 

3. Precautions with use 

In order to minimize the floating capacitance and to 
safeguard against malfunction caused by noise, make the 
R T and C T wiring as short as possible and avoid signal wires 
which may be conducive to noise. 

Connect a capacitor of 0.01~0.1/zF with good high- 
frequency characteristics between pins V cc and GND. 
Mount this capacitor as close as possible to the IC. 

unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


V 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


t 


Tstg 


Storage temperature range 




-65~ + 150 


t 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.7V 







-400 


MA 


lOL 


Low-level output current 


V OL ^0.4V 







4 


mA 


V OL ^0.5V 







8 


mA 


Rt. 


External timing resistance 


1.4 




100 


kQ 


Ct 


External timing capacitance 







1000 


uF 
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ELECTRICAL CHARACTERISTICS (Ta = -20~+75t:, unlessotherwisenoted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 


A, B 








0.8 


V 


Rd 








0.5 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, V|=0.5, 0.8V 
V|=2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=0.5V,0.8V,V|=2V 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


M A 


V C c=5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


A 


Vcc= 5.25 V 
V|=0.4V 






-0.4 


mA 


B, R^ 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc= 5.25V, V = V 


-20 




-100 


mA 


Ice 


Supply current (static state) 


V C c= 5.25 V 




4.7 


11 


mA 


Supply current (one-shot state) 


Vcc= 5.25V 




19 


27 


mA 



* : All typical values are at V cc =5V,T a = 25 C. 
Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25"C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time/from 
input A to output Q 


C T =80pF 
RT=2kQ 
C L =15pF (Note 3) 




27 


70 


ns 


tpLH 


Low-to-high-level output propagation time, from 
input Bto output Q 




24 


55 


ns 


tpHL 


High-to-low-level output propagation time, from 
input A to output Q 




30 


80 


ns 


tpHL 


High-to-low-level output propagation time, from 
input Bto output Q 




26 


65 


ns 


tRLH 


Low-to-high-level output propagation time, from 
input Roto output Q 




23 


65 


ns 


tpHL 


High-to-low-level output propagation time, from < 
input Rpto output Q 




18 


55 


ns 


twQ(min) 


Minimum output pulse width, from inputs 
A, Bto outputs Q, Q 


CT=0pF, R T =2kQ 
C L =15pF (Note3) 


20 


30 


70 


ns 


twQ 


Output pulse width, from inputs A, Bto outputs Q, Q 


C L =15pF 
(Note 3) 


C T = 80pF, R T =2kQ 


70 


120 


150 


ns 


C T =100pF, R T =10kQ 


600 


670 


750 


ns 


C T =1^F, R T =10kQ 


6 


6.9 


7.5 , 


ms 



Note 3: Measurement circuit 



Vcc 



PG 



^=Cl 



(1 ) The pulse generator (PG) has the following characteristic 
PRR = 1MHz, t r =6ns, tf=6ns; t w =40ns, 
V P =3Vp.p,Z o =50ft 

(2) C|_ includes probe and jig capacitance 
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TIMING 


REQUIREMENTS (vcc= 


5V. Ta 


= 25t. 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tr. tf 


Maximum rise, fall voltage rate of input pulse 


A 


(Note 3) 


1 






V//iS 


B 


1 






V/s 


tw(A) 


Trigger A pulse width 


40 


35 




ns 


tw (B) 


Trigger B pulse width 


40 


35 




ns 


tw(R^) 


Direct reset input pulse width 


40 


9 




ns 


O.D.C 


Output duty cycle 


RT = 2kQ 






50 


% 


R T =100kQ 






90 


% 


tsu(AL) 


Setup time A low to R D 


60 


33 




ns 


tsu(BH) 


Setup time Bhigh toRo 


60 


25 




ns 


tsu(Ro"L) 


Setup time Rp low to B 


50 


15' 




ns 


tree 1 


Recovery time 


15 


-5 




ns 


tree 2 


Recovery time (when B is superimposed onto Rq ) 


50 


30 




ns 


th(R5U 


Hold time Rq low to B 





- 15 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(B) 



B 



r~^\ 



tsU(BH) 



< ZT -5 *" 

\| tw(RoL) r 



f 



JphlJ 



f 



tsU(BH). 



\ 



Rd 



J \_ 



Rd 



H* ^fn k »| * -*ltreci 

VUsu(RdL) th(R D L) / 

L twQ >l 






k twQ > \ 



{ 



Rd 



\tsu(R D L) \f 



trec2 



Rd 



r\ 



t 



tw(A) 



/ 



tsU(AL) 



r 

•*— > UPLH 
tpHL ' 



tpHL * 



/ 



tpLH 
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OUTPUT PULSE WIDTH VARIATION VS 
SUPPLY VOLTAGE 



0.5 



-0.5 



C T =60pF 
R T =10k 
Ta = 25"C 


Q 































4.5 4.75 5 5.25 5.5 

SUPPLY VOLTAGE V C c (V) 



OUTPUT PULSE WIDTH VARIATION VS 
AMBIENT TEMPERATURE 



0.5 



-0.5 



V cc = 5 V 
C T =60pF 
R T =10kQ 































-25 25 50 75 

AMBIENT TEMPERATURE Ta (V) 



APPLICATION EXAMPLES 
(1) Delay circuit 

By connecting an integration circuit to the B input, a rec- 
tangular waveform applied to the input is changed to the 
waveform shown at B and delayed by time t d . The width of 
the pulse output at Q and Q is determined as usual by the 
values of C T , R T connected externally to the circuit. 

Vcc 
p 



C T Rt 



INPUTO W- 



rrpe 



J4M74LS221P 



C E Re/Ce Vcc 



R D GND 

X 



(2) Pulse generator 

Using the fact that the output pulse width of the 
M74LS221P varies only slightly with changes in supply 
voltage and ambient temperature, a pulse generator with 
good supply voltage and temperature stability can be 
implemented. By choosing the values of externally con- 
nected components C T and R T , the duty cycle and fre- 
quency can be freely selected. 



Vcc 

C T1 R T1 



Rd GND 



Qi 



Vcc 

o 
CT2 RT2 



>Ql 



Rd GND 



-0Q2 



-0Q2 





ti=r0.7C T rRTi 
t2=0.7Cj2-RT2 



r0.7C T -RT 
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(3) ANTI-CHATTERING CIRCUIT 

Vcc 
9 



-A/W 



DIRECT 
RESET INPUT 
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777" 



C T Rt 
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C E Re/Ce Vcc 
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OCTAL BUFFER/LINE DRIVERS WITH 3-STATE OUTPUTS(INVERTED) 



DESCRIPTION 

The M74LS240P is a semiconductor integrated circuit 
containing 2 blocks of buffers with 3-state inverted output 
and common output control input for all 4 discrete circuits. 

FEATURES 

• Small input load factor (pnp input) 

• Hysteresis provided (= 400m V typical) 

• High breakdown input voltage (V|>5V) 

• Output control input having same phase for 2 circuits. 
(10C/20C) 

• High fan-out, 3-state output. 
(loL=24mAJ H =-15mA) 

• Wide operating temperature range. (T a =. — 20~ + 75 C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



PIN CONFIGURATION (TOP VIEW) 

OUTPUT — T~ ^~ 



CONTROL 10C-*|T-cfe>— , 

INPUT ' — ' ^ 



INPUT 
OUTPUT 2Yi 
GND 



■U 

[0 



1A 4 — |T-^>o-^^-o<5[- 1|] — 2A 2 



__ OUTPUT 
20C CONTROL 
INPUT 



20] Vcc 

INPUT 1Ai -*[T-^X^a l — <^J>- T9] 

OUTPUT 2Y 4 -U \ jU-1Yi OUTPUT 

INPUT 1A 2 -[iH^A^hiZ]^ 2A4 ,NPUT 

OUTPUT 2Y 3 «-[T A — T|] -► 1Y 2 OUTPUT 

INPUT 1A 3 — [T-[£X>-A-o<j}-J5] «- 2A 3 INPUT 

OUTPUT 2Y 2 «- \T A II] -»• IY3 OUTPUT 



■y -1 If] -MY 4 OUTPUT 



-2Ai INPUT 



Outline 20P4 



FUNCTIONAL DESCRIPTION 

The use of pnp transistors in the input circuits has enabled 
the achievement of small input load factor and high break- 
down input voltage. With hysteresis characteristics, the 
buffer has a 3-state inverted output with high noise margin. 
When the output control input OC is low, high appears 
in the output Y if input A is low, and low appears in the Y 
if A is high. If, on the other hand, OC is high, all the 
outputs Y 1# Y 2 , Y 3 ,and Y 4 are in a high-impedance state, 
irrespective of the status of A. 



By connecting 10C with 20C, it becomes possible to 
control the output of the 8 circuits. The output can be 
terminated with load resistor of 133ft or over. 

FUNCTION TABLE (NoteD 



A 


OC 


Y 


L 


L 


H 


H 


L 


L 


X 


H 


Z 



Notel: Z : high-impedance 
X : irrelevant 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL oca— r-F — M- 




INPUT AO-t 




OVcc 



, Y OUTPUT 



-OGND 



_=^ TO OTHER 
BUFFERS 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+ 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75'*C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.4V 







-3 


mA 


V H^ 2 V 







-15 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


V O L^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = - 


20 — +■ 75°C , unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


v T +-v T - 


Hysteresis 


V C C = 4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-I .5 


V 


Vqh 


High-level output voltage 


V C c = 4.75V 
Vi=2V 


V|=0.8V, l H=-3mA 


2.4 


3.4 




V 


V| =0.5V, l H=-15mA 


2 






V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V, V|=2V 


loL=12mA 




0.25 


0.4 


V 


loL = 24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


V C c=5.25V, V|=2V. V = 2.7V 






20 


/iA 


l0ZL 


Off-state low-level output current 


V C c = 5.25V, V|=2V, V O = 0.4V 






-20 


/^A 


llH 


High-level input current 


V C c = 5.25V, V| = 2.7V 






20 


/M 


V C c = 5.25V, V|=I0V 






0.1 


mA 


IlL 


Low-level input current 


V CC = 5.25V, V|=0.4V 






-0.2 


mA 


'os 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O =0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


V CC =5.25V, V, =0V. 




17 


27 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V| =0V, V|=4.5V 




26 


44 


mA 


Iccz 


Supply current, all outputs off 


Vcc = 5.25V, V|=4.5V 




29 


50 


mA 



*. : All typical values are at V C c = 5V, Ta = 25° C. 

Note 2: All measurements should be done quickly, and not more than one 



output should be shorted at a time. 



SWITCHING CHARACTERISTICS (V CC =5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L = 45pF 
(Note 3) 




7 


14 


ns 


tpHL 




9 


18 


ns 


tpZL 


Output enable time to low-level 


R L =667Q, C L = 45pF (Note3) 




15 


30 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L = 45pF (Note3) 




12 


40 


ns 


tPLZ 


Output disable time from low-level 


R L = 667Q, C L = 5pF (Note3) 




11 


25 


ns 


tpHZ 


Output disable time from high-level 


Rl_ = 667Q, C L = 5pF (Note 3) 




12 


18 


ns 
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Note 3: Measurement circuit 



INPUT 
p 



PG 



Vcc 



W 



OUTPUT Vcc 



/SWI 



5kQ 
-Wv- 



T ° L 

irr 



7SW2 



Parameter 


SW1 


SW2 


tpzH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


t PHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns. tf = 6ns, t w = 500ns, 

V P = 3Vp. P f Z = 50J2 

(2) All diodes are switching diodes (t rr ^4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



J 



tpHL 



"L 



\ 



tpZL 



X 



J 



tpZH 
<= — => 






JT 



J 



zf 



tPLZ 



f 



^^1 



tpHZ 
-< — > 



TYPICAL CHARACTERISES 

OUTPUT VOLTAGE VS 
INPUT VOLTAGE 




INPUT VOLTAGE V | (V) 



HIGH-LEVEL OUTPUT VOLTAGE VS 
HIGH-LEVEL OUTPUT CURRENT 
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LOW-LEVEL OUTPUT CURRENT 
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OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (NONINVERTED) 



DESCRIPTION 

The M74LS241P is a semiconductor integrated circuit 
containing 2 buffer blocks with 3-state non-inverted out- 
puts and is provided with output control inputs which are 
common to 4 circuits and which are independent. 

FEATURES 

• Small input load factor (pnp input) 

• Hysteresis provided (=400mV typical) 

• High breakdown input voltage (V| > 15V) 

• Complementary output control inputs (10C, 20C) 

• High fan-out 3-state outputs 
Ool = 24mA, Iqh = -15mA) 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Since pnp transistors are used for the input circuits, the 
input load factor is small and a high breakdown input 
voltage is provided. The 3-state non-inverted output buffers 
have a high noise margin due to hysteresis. 

When 10C is low, low appears in output Y if input 1A is 
low, and high appears in Y if 1A is high. When 20C is high, 
low appears in output 2Y if input 2A is low and high 



PIN CONFIGURATION (TOP VIEW) 

Vcc 



OUTPUT __| ^-/ 

CONTROL 10C-*|l ^3>— , 
INPUT *—* ^ 



INPUT 

OUTPUT 2Y 4 

INPUT 

OUTPUT 2Y 3 

INPUT 1A 3 

OUTPUT 2Y 2 

INPUT 1A 4 



E 

OUTPUT 2Yi «- [T- 
GND \\Q 






20] 



. , OUTPUT 

I— <g\- 19| «- 20C CONTROL 

^ — — ' IMPIIT 



2Y 4 *-|T A jU ~ * lYl OUTPUT 

ia 2 — [ZH^A-^hli] ^ 2A4 INPUT 

- [T A Te] -» iy 2 output 




M] 



2A 3 INPUT 

1Y 3 OUTPUT 

A— <l|- ~U} «- 2A 2 INPUT 

T|] -> 1Y 4 OUTPUT 

TT|*-2A 1 INPUT 



Outline 20P4 



appears in 2Y if 2A is high. All the outputs are put in a 
high-impedance state when 10C and 20C are high and low, 
respectively. 

The device can be used as a 4-bit two-way bus driver by 
connecting 10C and 20C, 1A and 2Y and also 2A and 1Y. 
The outputs can be terminated with load resistors of not 
less than 133 ohms. 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL INPUT OCO f f — M~ 





-OVcc 



■> OY OUTPUT 



-*TO OTHER BUFFERS 
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FUNCTION TABLE (No,e n / 



1A 


10C 


1Y 


L 


L 


L 


H 


L 


H 


X 


H 


Z 



2A 


20C 


2Y 


L 


H 


L , 


H 


H 


H 


X 


L 


Z 



Note 1 Z : High-impedance 
X '. irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20— +75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- +15 


V 


V 


Output voltage 


Off-state 


-0.5- +5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




-65- +150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C , unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.4V 







-3 


mA 


V H^2V 







-15 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


V O l^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C, unless otherwise noted ) 



Symbol 


Parameter 








Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 


'v 




V 


VlL 


Low-level input voltage 








0.8 


V 


v T +-v T - 


Hysteresis width 


Vcc = 4. 75V 


0.2 


0.4 




V 


V, c 


Input clamp voltage 


Vcc = 4.75V, l|c=-18mA 






-1.5 


V 


V 0H 


High-level output voltage 


Vcc = 4. 75V 
V|=2V 


V|=0.8V, | 0H =-3mA 


2.4 


3.1 




V 


V|=0.5V, l H=-15mA 


2 






V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V, V|=2V 


loL=12mA 




0.25 


0.4 


V 


loL=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc=5.25V, V|=2V, V =2.7V 






20 


/M 


lOZL 


Off-state low-level output current 


Vcc = 5.25V, V|=2V, V O =0.4V 






-20 


/M 


hH 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


U A 


Voc = 5.25V, V|=I0V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.2 


mA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O =0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V, V|=0V, V,=4.5V 




17 


27 


mA 


ICCL 


Supply current, all outputs low 


V C c=5.25V, V|=0V, V|=4.5V 




27 


46 


mA 


Iccz 


Supply current, all outputs disabled 


Vcc=5.25V, V|=0V, V|=4.5V 




32 


54 


mA 



* : All typi 
Note 2: All 



ical values are at V cc = 5V, T a = 25°C. 

measurements should be done quickly, and not more than one 



output should be shorted at a time. 
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SWITCHING CHARACTERISTICS (V CC =5V. Ta = 25°C, unless otherwise noted ) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L = 45pF 

(Note 3) 




8 


18 


ns 


tpHL 




9 


18 


ns 


tpZL 


Output enable time to low-level 


Rl=667Q, Ci_ = 45pF (Note 3) 




15 


30 


ns 


tpZH 


Output enable time to high-level 


R|_ = 667Q, C|_ = 45pF (Note 3) 




12 


40 


ns 


tpLZ 


Output disable time from low-level 


R L = 667Q, C L =5pF (Note 3) 




11 


25 


ns 


tpHZ 


Output disable time from high-level 


Rl=667Q C L =5pF (Note 3) 




12 


18 


ns 



Note 3: Measurement circuit 




Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



TIMING DIAGRAM (Reference level = 1.3V) 



f 



tPLH 



10C 



t 



r 



\ 



tpZL 



V 



tPHL 



20C 



-C 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
Vp=3Vp. P( Z o = 50ft. 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) C|_ includes probe and jig capacitance. 



£ 



\ 



^L 



tPHZ 



0.5V 
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TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE VS 
INPUT VOLTAGE 





Ta 


1 
= -20°C 




Vcc 


= 5 V 

= -15mA. 




1 


r a =25°C^ 
"a =75°C V 


^ 


Jol =24mA 










X 


^ 


j 








:^ 


^^ 






Ta =75°C 
1 1 - 

-■ Ta =25°C" 

1 1 ^ 
Ta = -20°C. 


\ 














"A, 
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" V ^ 
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0.5 1 1.5 

INPUT VOLTAGE V| (V) 



HIGH-LEVEL OUTPUT VOLTAGE VS 
HIGH-LEVEL OUTPUT CURRENT 



3.5 



> oi 



2.5 



1.5 



0.5 
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I 
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/ 


\ i 
Ta =25°C 
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HIGH-LEVEL OUTPUT CURRENT I oh (™ A ) 



LOW-LEVEL OUTPUT VOLTAGE VS 
LOW-LEVEL OUTPUT CURRENT 




LOW-LEVEL OUTPUT CURRENT I ql (mA) 
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QUADRUPLE BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED) 



DESCRIPTION 

The, M74LS242P is a semiconductor integrated circuit 
containing 4 bus transmitters/receivers circuit with 3-state 
inverted outputs. 

FEATURES 

• Two-way transmission for, or isolation from, two 4-bit 
data words 

• Low input load factor (pnp input) 

• Hysteresis provided (= 400mV typical) 

• High fan-out (l i_ = 24mA, \ 0H = -15mA) 

• Wide operating temperature range (T a = —20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected mutual- 
ly to 2 circuits and the buffers with the 3-state inverted 
outputs are made two-way buffers. 

Since the input section is provided with hysteresis, the 
noise margin is increased and the use of pnp transistors in 
the inputs reduces the input load factor. 

The input/output direction is controlled by OCab ar| d 
OCba- When OCab an d OCba are ' ow » input/output pins 
A are made the input pins and the output/input pins B are 
made the output pins. Wnen OCab an d OCba are high, 
pins B are made the input pins and A the output pins. When 
OCab 's high and OCba is high and OCba is low, both A 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT __, 

CONTROL OCab-* LL 

INPUT — ' 

NC [T 
Ai <-* [T 



f^t 



INPUTS/ 
OUTPUTS 



A 2 «->[T 

A 3 ++[£ 

A 4 «-►[][ 

GND |T 





u\ V CC 

OUTPUT 
}3\<- OCba CONTROL 

INPUT 
72] NC 

n] *-* Bi 

To] *-*B 2 
T| «->B 3 
7] ~B 4 



INPUTS/ 
OUTPUTS 



Outline 14P4 nc : no connection 



and B are put in the high-impedance state and A and B are 
isolated. When OCab is low and OCba is high, both A and 
B are put to the output state resulting in the possibility of 
oscillation and damage to the IC Use in this state must 
therefore be avoided. This state resulting from the OCab 
and OCba signals should be kept as short as possible. 
Termination is possible with a load resistor of not less than 
133 ohms. 
Refer to M74LS240P for the typical characteristics. 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL OCabo- 

INPUT 




INPUT/OUTPUT A o- 



OUTPUT 

CONTROL OCbaO" 

INPUT 





-o Vcc 




-o B OUTPUT/INPUT 



TO OTHER BUFFERS 



-o GND 

* TO OTHER BUFFERS 

UNIT: ft 
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FUNCTION TABLE 



OCab 


OCba 


A 


B 


H 


H 





1 


L 


H 


* 


* 


H 


L 


Z 


■ Z 


L 


L 


1 






Note 1: I : Input pin 

•" Output pin (inverted) 

* : Inhibited (A and Bare made output pins) 

Z " High-impedance (A, B are isolated) 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~ + 75"C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A, B 




-0.5-+5.5 


V 


OCab, OCba 




-0.5- + 15 


V 


V 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75'C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.4V 







-3 


mA 


Voh^ 2 V 







-15 


mA 


' lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS ( Ta=- 20 ~+ 75X, unless otherwise noted) 



Symbol 














Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


VT-f-Vj- 


Hysteresis width 


V C c=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V CC =4.75V. l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc = 4. 75V 
V|=2V 


V|=0.8V, l H=-3mA 


2.4 


3.1 




V 


V|=0.5V, l H=-15mA 


2 






V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V|=0.8V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


l0L = 24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc= 5.25V. V|=0.8V.V|=2V,V O =2.7V 






40 


^A 


l0ZL 


Off-state low-level output current 


V C c= 5.25V, V|=0.8V,V|=2V,V o =0.4V 






-200 


A! A 


hH 


High-level input current 


A, B 


Vcc = 5.25V, V|=2.7V 






20 


M* 


OCab, OCba 






20 


A, B 


V C c=5.25V, V|=5.5V 






0.1 


mA 


OCab. OCba 


Vcc = 5.25V, V|=I0V 






0.1 


IlL 


Low- 1 eve I input current 


OCab, OCba 


Vcc = 5. 25V 
V|=0.4V 








-0.2 


mA 


A 


OCab=OCba=0V 






-0.2 


B 


OCab = OCba=4.5V 






-0.2 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, V O = 0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


V C c=5.25V, V|=0V, V t =4.5V 




22 


38 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V|=0V, V|=4.5V 




29 


50 


mA 


Iccz 


Supply current, all outputs off 


V C c=5.25V, V|=0V, V|=4.5V 




29 


50 


mA 



* '• All typical values are at Vcc = 5V, Ta = 25°C. 

Note 2: All measurements should be done quickly and not more, than one output should be shorted at a time. 
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QUADRUPLE BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED) 



1 
SWITCHING CHARACTERISTICS (V CC = 5V, Ta = 25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, 

high-to-low-level output propagation time, 

from inputs A, B to outputs B. A 


C L = 45pF 
(Note 3) 




7 


14 


ns 


tpHL 




9 


18 


ns 


tPZL 


Output disable time from low-level 


R L = 667Q, C L = 45pF (Note 3) 




15 


40 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L = 45pF (Note 3) 




12 


40 


ns 


tpLZ 


Output enable time to low-level 


R L = 667Q, C L =5pF (Note 3) 




11 


25 


ns 


tpHZ 


Output disable time from high-level 


R L =667Q C L =5pF (Note 3) 




12 


18 


ns 



Note 3: Measurement circuit 



Vcc 




itr 



7swi 



5kQ 

-AA/V— 



itr 



VSW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



TIMING DIAGRAM (Reference level = 1.3V) 



A.B (INPUT) 



B,A (OUTPUT) 



V 



tPHL 



oIJab 



V 



B (OUTPUT) 



B (OUTPUT) 



tPZL 



\ 

L 



J 



tPZH 
«e »■ 



tPLH 



£ 



tPLZ 






tPHZ 



(1) The pulse generator (PG) has the following 
. characteristics: 

PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns. 
Vp = 3V P .p, Z o = 50n 

(2) All diodes are switching diodes (t r r ^ 4ns) 

(3) C[_ includes probe and jig capacitance. 



OCba 



A (OUTPUT) 



A (OUTPUT) 



\. 



tPZL 



tPZH 



tPLZ 



£» 



tPHZ 



■^jj-Q.5V 
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QUADRUPLE BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED) 



DESCRIPTION 

The M74LS243P is a semiconductor integrated circuit 
containing 4 bus transmitters/receivers with 3-state non- 
inverted outputs. 

FEATURES 

• Two-way transmission for, or isolation from, two 4-bit 
data words 

• Low input load factor (pnp input) 

• Hysteresis provided (= 400 mV typical) 

• High fan-out (Iol = 24mA, I h =-15mA) 

• Wide operating temperature range (T a = —20 ~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually to 2 circuits and the buffers with the 3-state 
non-inverted outputs are made two-way buffers. 

Since the input section is provided with hysteresis, the 
noise margin is increased and the use of pnp transistors in 
the inputs reduces the input load factor. 

The input/output direction is controlled by OCab ar| d 
OCba- When OCab and oc ba a re l° w » input/output pins 
A are made the input pins and the output/input pins B are 
made the output pins. When OCab ar| d OCba are high, 
pins B are made the input pins and A the output pins. When 
OCab >s high and OCba is low, both A and B are put in 
the high-impedance state and A and B are isolated. When 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT , 

CONTROL OCab-* |T 



INPUTS/ 
OUTPUTS 



tz 



NC 

Ai 

A 2 <-*\7 

A3 *-*[£ 

A 4 4-*[T 

GND |T 



"\S~ 



M 




Vcc 

,__ OUTPUT 

T3j*-0C B A CONTROL 
*-~^ INPUT 



T|] nc 

T5] «-*B 2 
1]^B 3 
7|^B4 



OUTPUTS/ 
INPUTS 



Outline 14P4 nc : no connection 



OCab is low and OCba is high, both A and B are put to 
the output state resulting in the possibility of oscillation 
and damage to the IC. Use in this state must therefore be 
avoided. This state resulting from the OCab and OCba 
signals should be kept as short as possible. Termination is 
possible with a load resistor of not less than 133 ohms. 
Refer to M74LS241P for the typical characteristics. 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL OCab^ 
INPUT 




OUTPUT 

CONTROL OCba^ 
INPUT 




INPUT/ A 
OUTPUT °"" 




-° Vcc 




-o B OUTPUT/INPUT 



♦ TO OTHER BUFFERS 



-OGND 

- TO OTHER BUFFERS 
UNIT: Q 
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FUNCTION TABLE in*d 



ocab 


OCba 


A 


B 


H 


H 





1 


L 


H 


* 


* 


H 


L 


Z 


Z 


L 


L 


1 






Input pin 

Output (non-inverted) pin 

Inhibited (A and B are made output pins) 

High-impedance (A, B are isolated) 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~4-75°C, unless otherwis*noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


V| 


Input voltage 


A, B 




-0.5-4-5.5 


V 


OCab. OCba 




— 0.5 — h 15 


V 


Vo 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~4-75'C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.4V 







-3 


mA 


Voh^ 2 V 







-15 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -2O-4- 75"C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


VT+--VT- 


Hysteresis width 


Vcc = 4. 75 V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c = 4.75V 
V|=2V 


V|=0.8V, lQH=-3mA 


2.4 


3.1 




V 


V|=0.5V, l H=-15mA 


2 






V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V|=0.8V, V|=2V 


l0L = 12mA 




0.25 


0.4 


V 


l0L = 24mA 




0.35 


0.5 


V 


l0ZH 


Off-stage high-level output current 


V C c = 5.25V, V|=0.8V,V|=2V,V O =2.7V 






40 


//A 


IOZL 


Off-state low-level output current 


Vcc=5.25V,V|=0.8V,V|=2V,V o =0.4V 






-200 


U A 


llH 


High-level input current 


A, B 


Vcc = 5.25V, V|=2.7V 






20 


juA 


OCab. OC ba 






20 


A, B 


Vcc = 5.25V, V|=5.5V 






0.1 


mA 


OCab. OCba 


V C c = 5.25V, V|=I0V 







0.1 


IlL 


Low-level input current 


OCab. OCba 


Vcc = 5. 25V 
V|=0.4V 






-0.2 


mA 


A 


OCab = OCba=0V 






-0.2 


B 


OCab = OCba=4.5V 






-0.2 


los 


Short-circuit output current (Nc 


te2) 


V C c = 5.25V, V O = 0V 


-40 




-225 


mA 


ICCH 


Supply current, all output high 


V C c=5.25V, V| = V, V| =4.5V 




22 


38 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V| = V, V| =4.5V 




29 


50 


mA 


'ccz 


Supply current, all outputs off 


V C c = 5.25V, Vi= V, V|=4.5V 




32 


54 


mA 



* • All typical values are at Vcc = 5V, Ta = 25°C. 

Note 2: All measurements should be done quickly and not more than 



one outputs should be shorted at a time. 
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SWITCHING CHARACTERIStlCS'(V 00 =5V, Ta = 25-C. unlessotherwlsenottd) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, 

high-to-low-level output propagation time, 

'from inputs A. B to outputs B, A 


C L =45pF 
(Note 3) 




8 


18 


ns 


tpHL 




9 


18 


ns 


tpZH 


Output enable time to high-level 


Rl.-=667Q, Ci_ = 45pF (Note 3) 




15 


40 


ns 


tpZL 


Output enable time to low-level 


Rl=667Q, C L = 45pF (Note 3) 




12 


40 


ns 


tPLZ 


Output disable time from low-level 


R L = 667Q, C L =5pF {Note 3) 




11 


25 


ns 


tpHZ 


Output disable time from high-level 


R L =667Q C L =5pF (Note 3) 




12 


18 


ns 



Note 3: Measurement circuit 



INPUT 
O 



Vcc 



itr 



OUTPUT Vcc 
9 9 



R L< 



/SW1 



5kQ 
-^AAr- 



: t 0l 

77T 



7SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp = 3Vp.p,Z o = 50n 

(2) All diodes are switching diodes (t rr S* 4ns). 

(3) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



B, A (OUTPUT) 



f 



tPLH 



OC AB 



\ 



B (OUTPUT) 



B (OUTPUT) 






^e 



f 



tPLZ 



2M10.5V 



tPHZ 



OCba 



A (OUTPUT) 



A (OUTPUT) 



V 



\ 



tPZL 



tPZH 



tPLZ 



J4°Tv 
^0-5 V 



tPHZ' 
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OCTAL BUFFER/LINE DRIVERS WITH 3-STATE OUTPUTS(NONINVERTED) 



DESCRIPTION 

The M74LS244P is a semiconductor integrated circuit 
containing 2 blocks of buffers with 3-state non-inverted 
output and common output controlling input for all 4 
discrete circuits. 

FEATURES 

• Low input load factor (pnp input) 

• Hysteresis provided (= 400m V typical) 

• High breakdown input voltage (Vi ^15V) 

• Output control input having same phase for 2 circuits 

• High fan-out, 3-state output 
Ool = 24mA, Ioh = -15mA) 

• Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



PIN CONFIGURATION (TOP VIEW) 

20] Vcc 



OUTPUT f— . ^^ 

CONTROL 10C-* |l -cfex-n 
INPUT ' — I ^ 



._ , ,. . i__ , OUTPUT 

GEH^-\ P4-J91-20C CONTROL 



OUTPUT 2Y 4 *-{J_ 



INPUT 

-IS] -> 1Yi OUTPUT 

INPUT 1A 2 ^[iH^H^l-ri7l^- 2A 4 'NPUT 

OUTPUT 2Y3 4- (T A T|| -*• 1Y 2 OUTPUT 

INPUT 1A 3 -* |T H^H\ M-<$Hl5| «~ 2A 3 INPUT 

OUTPUT 2Y 2 «- \T A J4]-^1Y3 OUTPUT 

INPUT 1A 4 -♦ [J-p>— \ -*^-j3] *~ 2A 2 INPUT 

OUTPUT 2Yt «- |T A IF] -♦ 1Y 4 OUTPUT 

GND [To > — <q[-T?] *-2Ai INPUT 



Outline 20P4 



FUNCTIONAL DESCRIPTION 

The use of pnp transistors in the input circuit has enabled 
the achievement of small input load factor. With hysteresis 
characteristics, the buffer has a 3-state noninverted output 
with high noise margin. 

When output control input OC is low, the output Y is 
low if input A is low and Y is high if A is high. When 
OC is high, all of Y r , Y 2 , Y 3 , and Y 4 are in the high- 
impedance state, irrespective of the status of A. 
By connecting 10C with 20C, it becomes possible to con- 
trol the output of all 8 circuits simultaneously. Output can 
be terminated by a load resistor of 133ft or over. 
For standard characteristics, see M74LS241P. 



FUNCTION TABLE (NoteD 



A 


OC 


Y 


L 


L 


L 


H 


L 


H 


X 


H 


Z> 



Note 1: Z .' high-impedance 
X '. irrelevant 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL OCO ♦ T J^ 

INPUT 





o Vcc 



-*• TO OTHER BUFFERS 
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ABSOLUTE MAXIMUM RATINGS <T a =-2o~ + 75-c. 


unless otherwise noted) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- +7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~4-75 ,, C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.4V 






-3 


mA 


V H^2V 






-15 


mA 


lOL 


Low-level output current 


Vol^0.4V 






12 


mA 


V O L^0.5V 






24 


mA 



ELECTRICAL CHARACTERISTICS da 



-20 — h 75°C , unless otherwise noted ) 



Symbol 


Parameter 








Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vt+-V T - 


Hysteresis 


V C c = 4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V C c=4.75V, |, c =-18mA 






- I .5 


V 


V H 


High-level output voltage 


V C C=4.75V 
V|=2V 


V|=0.8V, | 0H =-3mA 


2.4 


3.4 




V 


V| =0.5V, l H = -15mA 


2 






V 


Vol 


Low-level output voltage 


V CC = 4.75V 
V|=0.8V, V|=2V 


| 0L = 12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc = 5.25V, V|=2V. V = 2.7V 






20 


//A 


l0ZL 


Off-state low-level output current 


V C c=5.25V, V|=2V, V O = 0.4V 






-20 


//A 


llH 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


/M 


Vcc=5.25V, V|=I0V 






0.1 


mA 


IlL 


Low-level input current 


V C c = 5.25V, V|=0.4V 






-0.2 


mA 


IfJS 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O =0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


V CC = 5.25V, V| = 0V. V|=4.5V 




17 


27 


mA 


ICCL 


Supply current, all outputs low 


Vcc = 5.25V, V, =0V 




27 


46 


mA 


Iccz 


Supply current, all outputs off 


Vcc = 5.25V, V|=4.5V 




32 


54 


mA 



* : All typical values are at V C rj = 5V, Ta = 25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (Vcc-5V, Ta = 25C. unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L =45pF 
(Note 3) 




8 


18 


ns 


tpHL 




9 


18 


ns 


tpZH 


Output enable time to high-level 


RL=667Q, C|_ = 45pF (Note 3) 




15 


30 


ns 


tpZL 


Output enable time to low-level 


Rl=667Q, C L =45pF (Note 3) 




12 


40 


ns 


tpi_Z 


Output disable time from low-level 


R L =667Q, C L = 5 pF {Note 3) 




11 


25 


ns 


tpHZ 


Output disable time from high-level 


R L =667Q, C L = 5pF (Note 3) 




12 


18 


ns 
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Note 3: Measurement circuit 



INPUT 
O 



PG 



Vcc 



itr 



OUTPUT Vcc 



7swi 

5kQ 

^AA/ 



=^C L 



itr 



SW2 



Symbol 


SW1 


SW2 


tpzH 


Open 


Closed 


tpZL 


Closed 


Open 


tpLZ 


Closed 


Closed 


tpHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z = 50n 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



./ 



tPLH 



\ 



1. 



tPHL 



tPZH 



t4 



tpHZ 



0.5V 



OC 



x 

L 



tpZL 



r 
T 



tpLZ 



/£: 



0.5V 
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OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS(NONINVERTED) 



DESCRIPTION 

The M74LS245P is a semiconductor integrated circuit 
containing of 8 bus transmitter/receiver circuits with non- 
inverted outputs. 

FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Low input load factor (pnp input) 

• Input/output A and output/input B have hysteresis 
characteristics (Hysteresis = 400m V typical) 

• High fan-out (Iql = 24mA, Ioh = -15mA) 

• Wide operating temperature range. (T a = -20 ~ +75°C) 

APPLICATION 

General digital equipment for industrial and consumer use 



FUNCTIONAL DESCRIPTION 

The inputs and outputs of the two buffer circuits with 
3-state non-inverted outputs are connected alternately to 
form a bi-directional buffer. 

With hysterisis characteristics in the input section of 
input/output A and output/input B, noise margin is high. 
The use of a pnp transistor input has made the input load 
factor small. The data direction control input DIR controls 
the direction of input and output. When DIR is high, A is 
the input terminal and B is the output terminal. On the 
contrary, when DIR is low, B is the input terminal and A is 
the output terminal. 



PIN CONFIGURATION (TOP VIEW) 



DIRECTION 
CONTROL DIR - 
INPUT 



Eg 



INPUTS 
/OUTPUTS 



[It^: 



-^fjU-i h^ INPUT 



GND [JO 



\J I 



20] V C c 

, OUTPUT 

19| 4- OC CONTROL 

— ' input 



^II-T^:^]-ni^B3 
A 6 - Ll-t^iS- ]3"" Bs 

A7 - rj_^:. Lju „ B6 



7?]*- B 8 



OUTPUTS 
/INPUTS 



Outline 20P4 



When the output control input OC is high, both A and B, 
in a high-impedance state, are separated. 

FUNCTION TABLE (Noten 



OC 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


Z 


z 



Note 1 : I : input 

'■ output (noninverted output) 

Z : high-impedance 

X : irrelevant 



CIRCUIT DIAGRAM (EACH BUFFER) 

22. 5k. 



OUTPUT 

CONTROL OCO 
INPUT 



DATA 
DIRECTION 
CONTROL DIR ^ 
INPUT 



OVcc 




OB OUTPUT/INPUT 



OGND 
TO OTHER 
BUFFERS 

UNIT: Q. 
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M74LS245P 

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS(NONINVERTED) 

ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75iC, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 


A, B 




-0.5-+5.5 


V 


DIR, OC 




-0.5- + 15 


V 


v 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


rj 


Tstg 


Storage temperature range 




-65-+150 


TC 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75TJ, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.4V 







-3 


mA 


V 0H ^2V 







-15 


mA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75TJ, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


v t +-Vt- 


Hystersis 


V C c=4.75V 


0.2 


0.4 




V 


V|C 


Input clamp voltage 


V C c=4.75V, l| C =-18mA 






- 1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V 
V|=0.8V, V|=2V 


Ioh= — 3mA 


2.4 


3.4 




V 


Ioh= — 15mA 


2 






V 


Vol 


Low-level output voltage 


Vcc = 4.75V 
V|=0.8V, V| =2V 


IOL=12mA 






0.4 


V 


IOL^24mA 






0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc = 5.25V, Vi = 0.8V, Vi = 2V, V = 2.7V 






20 


UA 


IOZL 


Off-state low-level output current 


Vcc = 5.25V, Vi =0.8V, Vi =2V, V o =0.4V 






-200 


ma 


llH 


High-level input current 


A, B 


Vcc-5.25V, V| -2.7V 






20 


juA 


DIR, OC 






20 


MA 


A, B 


V C c=5.25V. V| =5.5V 






0.1 


mA 


DIR, OC 


Vcc = 5.25V, V, =10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.2 


mA 


los 


Short-circuit output current (Note 2) 


V C c=5.25V, V = OV 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V, V| = V, V| =4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V| = V, Vi =4.5V 




62 


90 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V, Vi = V, V, =4.5V 




64 


95 


mA 



* ' All typical values are at Vcc = 5V,Ta = 25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (V CC =5V, Ta = 25tJ unless otherwise noted) 



Symbol 


. Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


. Low-to-high-level, high-to-low-level output propagation 
time, from input A, B to output B, A , 


C L =45pF (Note 3) 




10 


15 


ns 


tpHL 




10 


15 


ns 


tpZL 


Output enable time to low-level 


R L =667Q, C L = 45pF (Note 3) 




25 


40 


ns 


tpZH 


Output enable time to high-level 


R L =667Q, C L =45pF (Note3) 




23 


40 


ns 


tPLZ 


Output disable time from low-level 


R L = 667Q, C L =5pF (Note3) 




15 


25 


ns 


tpHZ 


Output disable time from high-level 


R L ^667Q, C L =5pF (Note 3) 




14 


25 


ns 
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M74LS245P 

OCTAL BUS TRANSCEIVERS WITH 3-ST ATE OUTPUTS(NONIN VERTED) 

Note 3: Measurement circuit 



50Q< 



Vcc 

_L 



OUTPUT Vcc 



:R L 



7SW1 



**- 



5kQ 
-^VvV- 



I 



Cl 



2 



SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3Vp. P . Z o = 50fi 

(2) All diodes are switching diodes (t rr ^4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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7\ 
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HIGH-LEVEL OUTPUT VOLTAGE VS 
HIGH-LEVEL OUTPUT CURRENT 
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i = 25°C 
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HIGH-LEVEL OUTPUT CURRENT Ioh(itiA) 



TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE VS INPUT VOLTAGE 



Vcc 

I OH 


= 5 V 
= -l5mA 






T 


a = 75°C 

// Ta= o 


lOL 


= 24mA 






/ 


11- 
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r 


H 
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M74LS247P 

BCD-TO-7-SEGMENT DECODER DRIVER(ACTIVE-LOW OUTPUT) 



DESCRIPTION 

The M74LS247P is a semiconductor integrated circuit 
provided with BCD-to-7-segment decoder/driver function 
and open collector outputs. 

FEATURES 

• Suitable for 7-segment display element lighting 

• RBI input and BI/RBO outputs for zero suppression 

• LT input for lamp testing 

• BI/RBO input for extinguishing all segments 

• Open collector outputs 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When a number is specified in BCD code for BCD inputs 
D A/ D B , D c and D D , segment ouputs a~g are set low in 
accordance with that number. By connecting the 7-segment 
display element to each of the outputs, the character 
indicated on the display character can be displayed, a^ are 
open collector outputs with a breakdown voltage of not less 
than 15V and a low-level output current of 24mA, therby 
making it possible to drive directly a 7-segment LED for the 
display of anode-common numbers. 

Suppression of the unnecessary high-order zeroes is 
possible by setting the highest order RBI ripple blanking 
input low and connecting ripple blanking output BI/RBO 
to the next-level RBI for each of the digits. Refer to the 
M74LS47P for the application example. 



PIN CONFIGURATION (TOP VIEW) 


f db^[T 

BCD INPUTS J, 

{ Dc-*[| 

LAMP TEST __ 

INPUT LT-*|T 

BLANKING 

INPUT/RIPPLE BI/RBO*-* IT 

BLANKING L — 

OUTPUT =_ r- 

RIPPLE Mbl ~* LL 

BLANKING 

INPUT f D D - £ 

BCD INPUTS « 

[ Da- [7 

GND [J 


W 




Je\ vcc 




1 




d c Db f 

LT 9 

Bl/ a 

BRO 

RBI b 

Dd c 

Da d 
e 


* 
* 
* 
* 
* 
*_ 


7?]- T 

13]— a 
T|] — ►b 

TT]— c 
To] — d 

T] — e 


, SEGMENT 
OUTPUTS 




T* 








*:OPEN COLLECTOR OUTPUTS 

Outline 16P4 



By setting blanking input BI/RBO low, outputs a-^g are 
set high and the display element is extinguished irrespective 
of the status of the other inputs. Since BI/RBO serves as 
both an input and output pin, only ICs with open collector 
outputs can be connected to this pin. 

By setting lamp test input LT low, a~g are set low 
irrespective of the status of BI/RBO, D A , D B , D c and D D , 
all the segments in the display element are lighted and each 
segment can be tested. Refer to M74LS47P for the Bl/RBO 
and a~g circuits. 

The only difference between the M74LS247P and 
M74LS47P is the configuration of the 6 and 9 numerals. 



BLOCK DIAGRAM 



SEGMENT OUTPUTS 
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BCD-TO- 7 -SEGMENT DECODER DRIVER(ACTIVE-LOW OUTPUT) 


FUNCTION TABLE (^oteD 


Decimal number or function 


LT 


rbT 


D D 


Do". 


D B 


D A 


BI/RBO 


a 


b 


c 


d 


e 


7 


g 


Note 





H 


H 


L 


L 


L 


L 




H 


L 


L 


L 


L 


L 


L 


H 


(i) 


1 


H 


X 


L 


L 


L 


H 




H 


H 


L 


L 


H 


H 


H 


H 


2 


H 


X 


L 


L 


H 


L 




H 


L 


L 


H 


L 


. L 


H 


L 


3 


H 


X 


L 


L 


H 


H 




H 


L 


L 


L 


L 


H 


H 


L 


4 


H 


X 


L 


H 


L 


L 




H 


H 


L 


L 


H 


H 


L 


L 


5 


H 


X 


L 


H 


L 


H 




H 


L 


H 


L 


L 


H 


L 


L 


6 


H 


X 


L 


H 


H 


L 




H 


L 


H 


L 


L 


L 


L 


L 


7 


H 


X 


L 


H 


H 


H 




H 


L 


L 


L 


H 


H 


H 


H 


8 


H 


X 


H 


. L 


L 


L 




H 


L 


L 


L 


L 


L 


L 


L 


9 


H 


X 


H 


L 


L 


H 




H 


L 


L 


L 


L 


H 


L 


L 


10 


H 


X 


H 


L 


H 


L 




H 


H 


H 


H 


L 


L 


H 


L 


11 


H 


X 


H 


L 


H 


H 




H 


H 


H 


L 


L 


H 


H 


L 


12 


H 


X 


H 


H 


L 


L 




H 


H 


L 


H 


H 


H 


L 


L 


13 


H 


X 


H 


H 


L 


H 




H 


L 


H 


H 


L 


H 


L 


L 


14 


H * 


X 


H 


H 


H 


L 




H 


H 


H 


H 


L 


L 


L 


L 


15 


H 


X 


H 


H 


H 


H 




H 


H 


H 


H 


H 


H 


H 


H 


Blanking 


X 


X 


X 


X 


X 


X 


L 




H 


H 


H 


H 


H 


H 


H 


(2) 


Ripple blank'mg 


H 


L 


L 


L 


L 


L 




L 


H 


H 


H 


H 


H 


H 


H 


(3) 


Lamp test 


L 


X 


X 


X 


X 


X 




H 


L 


L 


L 


L 


L 


L 


L 


(4) 



Notel. (1) LT is normally kept in high. 

RBI is kept open or in high with a decimal output. 

(2) When BI/RBO is low, all the segment outputs are high irrespective of the status of the other 

(3) All the segment outputs are set high and BT/RBO is set low when RBI, Da, Db, Dc and Dq 
(A) When LT is low, all the segment outputs are low. 

X: Irrelevant 



DEFINITION OF SEGMENTS 



inputs. 

are set low with IT high. 



u 



CHARACTERS DISPLAYED 






















d 




Decimal 

number 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Character 


n 
u 


i 
i 


E' 


i! 


H 


c 

J 


c 
u 


"1 

1 


B 


o 

-J 


c 


3 


IJ 


G 


t 





ABSOLUTE MAXIMUM RATINGS (Ta = - 20~+75 X, unless otherwise no ted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 


Input Bl/RBO 


' 


-0.5- Vcc 


V 


Other inputs 


-0.5- + 15 


V 


V 


Output voltage 


Output Bl/RBO 


High-level state 


-0.5~Vcc 


V 


Other outputs 


-0.5- + 15 


V 


•o(poak) 


Output current 


tw^lms, dutycycle^ 10% 


200 


mA 


lo 


Output current 


High-level state 


1 


mA 


Topr 


Operating free-air ambient temperature range 


> 


^20~+75 


°C 


Tstg 


Storage temperature range 




-65-+150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20-+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current, 
outputs a ~ g 


V h = 15V 







250 


mA 


'OH 


High-level output current, 
output BI/RBO 


V h^2.4V 







-50 


MA 


lOL 


Low-level output current, 
outputs a~.g 


V O l^0.4V 







12 


mA 


Vql^OSV 







24 


mA 


lOL 


Low-level outDut current, 
output BI/RBO 


V O L^0.4V 







1.6 


mA 


V O L^0.5V 







3.2 


mA 
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BCD-TO- 7 -SEGMENT DECODER DRIVER(ACTIVE-LOW OUTPUT) 



ELECTRICAL CHARACTERISTICS (Ta=-20~+7<rc, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


V H 


High-level output voltage, output Bl/RBO 


V C c = 4.75V 

V| = 0.8V, V| = 2V 


l O H=-50^A 


2.4 


4.2 




V 


•oh 


High-level output current, outputs a - g 


V =15V 






250 


;"A 


Vol 


Low-level output voltage 


Outputsa — g 


V C c = 4.75V 
V|-0.8V, V| = 2V 


IOL=12mA 




0.25 


0.4 


V 


loL^24mA 




0.35 


0.5 


V 


Output Bl/RBO 


Iol= 1 .6mA 




0.25 


0.4 


V 


IOL=3.2mA 




0.35 


0.5 


V 


Iih 


High-level input voltage, except input Bl/RBO 


V C c=5.25V, V|=2.7V 






20 


/iA 


V C c=5.25V, V|-10V 






0.1 


mA 


IlL 


Low-level input current 


Input Bl/RBO 


Vcc=5.25V, V|=0.4V 






-1.2 


mA 


Other inputs 






-0.4 


mA 


los 


Short-circuit output current, output Bl/RBO 


Vcc=5.25V. V = OV 


-0.3 




-2 


mA 


Ice 


Supply current 


Vcc^5.25V (Note 2) 




7 


13 


mA 



. : All typical values are at Vcc = 5V, T a = 25°C 
Note 2. Ice is measured with all inputs at 4.5V. 



SWITCHING CHARACTERISTICS (Vcc = 5V.T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Da to outputs a - g 


R L = 665Q 

C L - l5pF 

(Note 3) 




35 


100 


ns 


tPHL 




30 


100 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input R Bl to outputs a - T 




50 


100 


ns 


tPHL 




45 


100 


ns 



Note 3: Measurement circuit 



INPUT 
O 



Vcc 



-fir 



Vcc OUTPUT 

R L £ 






(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r =6ns. t f =6ns, t w =500ns, V P =3Vp. P , Z o =50n. 

(2) C|_ includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 
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M74LS248P 

BCD-TO- 7 -SEGMENT DECODER/DRIVER (ACTIVE-HIGH OUTPUT) 



DESCRIPTION 

The M74LS248P is a semiconductor integrated circuit pro- 
vided with a BCD-to-7-segment decoder/driver function and 
2kohm (typ) pull-up resistor outputs. 

FEATURES 

• Suitable for lighting 7-segment display element 

• RBI input and Bl/RBO output for zero suppression 

• LT input for lamp testing 

• Bl/RBO input for blanking all segments 

• NPN transistor can be externally mounted for high- 
current drive. 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC is a version of the M74LS247P without the output 
transistors. When numbers are specified in BCD code for 
BCD inputs D A , D B , D c and D D , segment outputs a~g are 
set high in accordance with those numbers. These outputs 
have built-in 2k£2 pull-up resistors suited to driving 
common-cathode LEDs. High-current display elements can 
be driven by connecting NPN transistors to the outputs. 

The ripple blanking, blanking and lamp test functions 
are the same as those for the M74LS247P. 

Refer to the M74LS47P for the application example. 

The only difference from the M74LS48P is the con- 
figuration of the 6 and 9 numerals. 



PIN CONFIGURATION (TOP VIEW) 
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OUTPUT CIRCUIT SCHEMATIC 
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BCD-TO-7-SEGMENT DECODER/DRIVER (ACTIVE-HIGH OUTPUT) 


FUNCTION TABLE (Note D 


Decimal number or function 


LT 


RBI 


D D 


Do 


D B 


D A 


BI/RBO 


a 


b 


c 


d 


e 


f 


g 


Note 





H 


H 


L 


L 


L 


L 




H 


H 


H 


H 


H 


H 


H 


L 


(1) 


1 


H 


X 


L 


L 


L 


H 




H 


L 


H 


H 


L 


L 


L 


L 


2 


H 


X 


L 


L 


H 


L 




H 


H 


H 


L 


H 


H 


L 


H 


3 


H 


X 


L 


L 


H 


H 




H 


H 


H 


H 


H 


L 


L 


H 


4 


H 


X 


L 


H 


L 


L 




H 


L 


H 


H 


L 


L 


H 


H 


5 


H 


X 


L 


H 


L 


H 




H 


H 


L 


H 


H 


L 


H 


H 


6 


H 


X 


L 


H 


H 


L 




H 


H 


L 


H 


H 


H 


H 


H 


7 


H 


X 


L 


H 


H 


H 




H 


H 


H 


H 


L 


L 


L 


L 


8 


H 


X 


H 


L 


L 


L 




H 


H 


H 


H 


H 


H 


H 


H 


9 


H 


X 


H 


L 


■ L 


H 




H 


H 


H 


H 


H 


L 


H 


H 


10 


H 


X 


H 


L 


H 


L 




H 


L 


L 


L 


H 


H 


L 


H 


11 


H 


X 


H 


L 


H 


H 




H 


L 


L 


H 


H 


L 


L 


H 


12 


H 


X 


H 


H 


L 


L 




H 


L 


H 


L 


L 


L 


H 


H 


13 


H 


X 


H 


H 


L 


H 




H 


H 


L 


L 


H 


L 


H 


H 


14 


H 


X 


H 


H 


H 


L 




H 


L 


L 


L 


H 


H 


H 


H 


15 


H 


X 


H 


H 


H 


H 




H 


L 


L 


L 


L 


L 


L 


L 


Blanking 


X 


X 


X 


X 


X 


X 


L 




L 


L 


L 


L 


L 


L 


L 


(2) 


Ripple blanking 


H 


L 


L 


L 


L 


L 




L 


L 


L 


L 


L 


L 


L 


L 


(3) 


Lamp test 


L 


X 


X 


X 


X 


X 




H 


H 


H 


H 


H 


H 


H 


H 


(4) 



Notel. (1) LT is normally kept in high. 

RBl is kept open or in high in case of a decimal output. 

(2) When BT/RBO is low, all the segment outputs are low irrespective of the status of the other inputs. 

(3) All the segment outputs are set low and BT/RBO is set low when. RBI, D^, Db, d C and Dq are set low with IT high 

(4) When LT is low, all the segment outputs are high. 
X: Irrelevant 



DEFINITION OF SEGMENTS 



u 



CHARACTERS DISPLAYED 






















d 




Decimal 
number 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Character 


n 
u 


i 
i 


5 


3 
J 


H 


r 
j 


c 
u 


1 


o 
u 


n 


C 


3 


u 


C 


t 





ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C , unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


Input BI/RBO 




-0.5-Vcc 


V 


Other inputs 


— 0.5 — h 15 


V 


Vo 


Output voltage 


Output b! /rbo 


High-level state 


-0.5 -Vcc 


V 


Other outputs 


-0.5-Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




-65-+150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta= -20~ + 75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current, outputs a ~g 


V h^2.4V 







-100 


uA 


lOH 


High-level output current, output BT/RBO 


V H^2.4V 







-50 . 


A/A 


lOL 


Low-level output current, outputs. a~g 


V O l^0.4V 







2 


mA 


V O L^0.5V 







6 


mA 


lOL 


. Low-level output current, output Bl/RBO 


V O l^0.4V 







1 .6 


mA 


V O L^0.5V 







3.2 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-< 


10 — \- 70'C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Outputs a ~g 


Vcc = 4. 75V 

V| = 0.8V, V| = 2V 


IOH=-100/iA 


2.4 


4.2 




V 


Output bJ/rbo 


l O H=-50/iA 


2.4 


4.2 




V 


lOH 


High-level output current 


Outputs a ~g 


Vcc=4.75V,V|=0.8V,V|=2V.Vo=0.85V 


-1.3 


-2 




mA 


Vol 


Low-level output voltage 


Outputs a~g 


V C c = 4.75V 
V1-O.8V, V| = 2V 


IOL = 2mA 




0.25 


0.4 


V 


IOL=6mA 




0.35 


0.5 


V 


Output Bl/RBO 


l0L=1 .6 mA 




0.25 


0.4 


V 


IOL=3.2mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Except input Bl/RBO 


V C c = 5.25V. V| = 2.7V 






20 


A/A 


Vcc=.5.25V. V|=10V 






0.1 


mA 


IlL 


Low-level input current l 


Input Bl/RBO 


V C c=5.25V. V| = 0.4V 






-1.2 


mA 


Other inputs 






-0,4 


mA 


los 


Short-circuit output current 


Output Bl/RBO 


Vcc=5.25V, V = OV 


-0.3 




-2 


mA 


Ice 


Supply current 


Vcc =5. 25V (Note 2) 




25 


38 


mA 



* : All typical values are at V cc = 5V, T a = 25 C. 
Note 2. I cc is measured with all inputs at 4.5V. 

SWITCHING CHARACTERISTICS (V CC =5V, Ta-25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Da to outputs a ~g 


R L =4kQ 
C|_=15pF (Note 3) 




30 


100 


ns 


tPHL 




30 


100 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input RBI to outputs a ~f 


R L = 6kQ 
CL=15pF (Note 3) 




40 


100 


ns 


tPHL 




45 


100 


ns 



Note 3: Measurement circuit 



INPUT 
O 



PG 



Vcc 



W 



Vcc OUTPUT 



4=°L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r =6ns, t f =6ns, t w = 500ns, V P =3V P . P , Z o = 50n. 

(2) C|_ includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



Da -j 


t 




* 


t 










LEVELS OF 
DELAY 2 


I 


_ 


tPHL 


- 




tpLH 




LEVELS OF 
DELAY 3 


tPHL 

« *■ 


■i 


/ 








tPLH 

« > 





RBI 



1 



tPLH 

>« »■ 



1 
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8-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 

WITH 3-STATE OUTPUT 



DESCRIPTION 

The M74LS251P Is a semiconductor integrated circuit 
containing an 8-line to 1-line data selector/multiplexer 
function and 3-state outputs. 

FEATURES 

• 3-state outputs 

• Complementary output provided 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has a data selector function which provides 1-line 
selection of 8 input signals and using a multiplexer function 
which converts the 8-bit parallel data into serial data by 
time-sharing. When 8-line signals are applied to the data 
inputs and 1 data is specified from among the 8 data from 
selection inputs Sa, S b and S c , the input signal is at out- 
put Y and the inverted signal from output Y. When output 
control input OC is set high, Y and Y are put in the high- 
impedance state and the outputs are completely isolated. 

M74LS251P has the same functions and pin connections 
as M74LS151P but the latter is provided with active pull-up 
resistor outputs. 



PIN CONFIGURATION (TOP VIEW) 


DATA 
INPUTS 

OUTPUTS 

OUTPUT 

CONTROL 

INPUT 


D 3 — [T 
D 2 — [7 

Di-*(T 
Do— [T 

oc— [7 


w 




T| v C c 




1 




D 3 
D 2 3 D 4 

D, D 5 

D D 6 

Y D 7 

Y S A 
OC q S B 




j5| «-D 4 
U\ «-D 5 
13) -D 6 

Ti] <-S A 
Hj| <-S B 
J\ — Sc 


DATA 
INPUTS 

SELECTION 
INPUTS 


GND [T 




1 










Outline 16P4 







BLOCK DIAGRAM 



CONTROL 

OUTPUT OC(7 
INPUT r 

Do (4 



INPUTS 



SELECTION J s /^y 
INPUTS^ ° B ^ IU ^ 



-<o 



-t>-^— o- 



-^^J^^ 



<16)Vcc 




± 



(8JGND 
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FUNCTION TABLE (Note D 


s c 


S B 


S A 


OC 


Do 


Di 


D 2 


D 3 


D 4 


D 5 


D 6 


D 7 


Y 


Y 


X 


X 


X 


H 


X 


X 


X 


X 


X 


X 


X 


X 


Z 


Z 


L 


L 


L 


L 


L 


X 


X 


X 


X 


X 


X 


X 


L 


H 


L 


L 


L 


L 


H 


X 


X 


X 


X 


X 


X 


X 


H 


L 


L 


L 


H 


L 


X 


L 


X 


X 


X 


X 


X 


X 


L 


H 


L 


L 


H 


L 


X 


H 


X 


X 


X 


X 


X 


X 


H 


L 


L 


H 


L 


L 


X 


X 


L 


X 


X 


X 


X 


X 


L 


H 


L 


H . 


L 


L 


X 


X 


H 


X 


X 


X 


X 


X 


H 


L 


L 


H 


H 


L 


X 


X 


X 


L 


X 


X 


X 


X 


L 


H 


L 


H 


H 


L 


X 


X 


X 


H 


X 


X 


X 


X 


H 


L 


H 


L 


L 


L 


X 


X 


X 


X 


L 


X 


X 


X 


L 


H 


H 


L 


L 


L 


X 


X 


X 


X 


H 


X 


X 


X 


H 


L 


H 


L 


H 


L 


X 


X 


X 


X 


X 


L 


X 


X 


L 


H 


H 


L 


H 


L 


X 


X 


X 


X 


X 


H 


X 


X 


H 


L 


H 


H 


L 


L 


X 


X 


X 


X 


X 


X 


L 


X 


■ A L 


H 


H 


H 


L 


L 


X 


X 


X 


X 


X 


X 


H 


X 


H 


L 


H 


H 


H 


L 


X 


X 


X 


X 


X 


X 


X 


L 


L 


H 


H 


H 


H 


L 


X 


X 


X 


X 


X 


X 


X 


H 


H 


L 



Note 1 X : 

Z : 



Irrelevant 
High-impedance state 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~4-75°C. unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




— 0.5 — h15 


V 


Vo 


Output voltage 


Off-state 


-0.5~ + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~4-75°C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


Vol ^ 0.4 V 







4 


mA 


Vql^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta = -20~+75X:, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V CC = 4.75V, l| C =-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4». 75V, V|= 0.8V 
V|=2V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


V CC =4.75V 
V|=0.8V, V|= 2V 


Iol= 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


l0ZH 


Off -state high-level output current 


Vcc=5.25V, V|=2V, V =2.7V 






20 


vA 


IOZL 


Off-state low-level output current 


Vcc=5.25V, V| = 2V, Vo=0.4V 






-20 


M A 


llH 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


MA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


'os 


Short-circuit output current (Note 2) 


Vcc=5.25V, Vo=0V 


-30 




-130 


mA 


'cc 


Supply current 


V C c=5.25V (Note 3) 




6.1 


10 


mA 


leez 


Supply current, all outputs off 


Vcc=5.25V (Note 4) 




7.1 


12 


mA 



* : All typical values are at V CC =5V, T a =25°C. ■ 

Note 2: All measurements should be done quickly. 

Note 3: Ice is measured with OC at OV and all other inputs at 4.5V 

Note 4: leez is measured with all inputs at 4.5V. 

SWITCHING CHARACTERISTICS (V C C = 5V,Ta = 25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa, Sg, Sq to output Y 


C L =15pF (Note 5) 




22 


45 


ns 


tpHL 




18 


45 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa, Sb, Sq to output "y 




10 


33 


ns 


tpHL 




15 


33 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs D o ~~ D 7 to output Y 




15 


28 


ns 


tpHL 




14 


28 


ns 


tpLH 


Low-to-high-level, nigh-to-low- level output propagation 
time, from inputs Drj~D7 to output"?" 




7 


15 


ns 


tpHL 




7 


15 


ns 


tpZH 


High-level output enable time, 
from input OC to output Y 


R|_-2kQ, Ci_-15pF (Note 5) 




11 


45 


ns 


tpZL 


Low-level output enable time, 
from input OC to output Y 




16 


40 


ns 


tpZH 


High-level output enable time, 
from input OC to output Y" 


R L = 2kQ, C L =15pF (Note 5) 




11 


27 


ns 


tpZL 


Low-level output enable time, 
from input 0~C to output Y 




13 


40 


ns 


tpHZ 


High-level outpout disable time, 
from input OC to output Y 


R L = 2kQ, C L = 5 pF (Note 5) 




16 


45 


ns 


tpLZ 


Low-level output disable time, 
from input OC to output Y 




8 


25 


ns 


tpHZ 


High-level output disable time, 
from input OC to output Y 


R L = 2kQ, C L = 5 pF (Note 5) 




18 


55 


ns 


tpLZ 


Low-level output disable time, 
from input OC~ to output Y 




9 


25 


ns 
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Note 5: Measurement circuit 



Vcc 



50Q 



W 



OUTPUT Vcc 
9 9 



7SW1 

N i W W. I 



5kQ 
-VW- 



t Cl 

W 



f 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MH/, t r =6ns, tf=6ns, t w =500ns, 
Vp=3V P .p,Z o =50n. 

(2) All diodes are switching diodes. (t r r < 4n s) 

(3) C L includes probe and jig capacitance 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



D ~D 7 
Sa~Sc 



TIMING DIAGRAM (Reference level = 1.3V) 
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DESCRIPTION 

The M74LS253P is a semiconductor integrated circuit 
containing two 4-line to 1-line data selector/multiplexer 
circuits and 3-state outputs. 

FEATURES 

• Selection inputs common to both circuits 

• Output control inputs separate for each circuit 

• 3-state outputs 

• Wide operating temperature range (T a =— 20~+75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has two data selector circuits which provide 1-line 
selection of 4 input signal using two multiplexer circuits 
which convert the 4-bit parallel data into serial data by 
time-sharing. When 4-line signals are applied to the data 
inputs D 0/ Di, D 2 and D 3 , and 1 data is specifed from 
among the data input by selection inputs S A and S B , the 
input signal is output at Y. By applying 4-bit parallel data 
to data inputs D , D lf D 2 and D 3 and by connecting the 
output of a synchronous divide-by-four counter to S A and 
S B , data D 0/ Di , D 2 and D 3 appear in the order of D 0/ D 1 , 
D 2 and D 3 , synchronized with the clock pulse. S A and S B 
are common to both circuits while output control inputs 
10C and 20C are separate. When 10C and 20C are set 
high, 1Y and 2Y are put in the high-impedance state ("Z") 
irrespective of the status of the inputs. 

M74LS253P has the same functions and pin connections 
as M74LS153P but the latter is provided with active pull-up 
resistor outputs. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 
CONTROL .^^r-1 
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Outline 16P4 



Note 1 X : Irrelevant 

Z " High-impedance state 
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H 
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H 
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H 
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H 


H 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20~ +75 TJ. unless otherwise noted ) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


■c 


Tstg 


Storage temperature range 




-65-4-150 


x: 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~ + 75TJ. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75T:, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V|H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2V, l H= -2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=0.8V, V|= 2 V 


Iol= 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


l0ZH 


Off -state high-level output current 


Vcc=5.25V, V|=2V, V =2.7V 






20 


juA 


lOZL 


Off-state low-level output current 


Vcc=5.25V, V|=2V, V O =0.4V 






-20 


M A 


llH 


High-level input current 


Vcc=5.25V, V| = 2.7V 






20 


//A 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c=5.25V, V = V 


-30 




-130 


mA 


ICCL 


Suppl'y current, all outputs low 


Vcc= 5.25V (Ndte3) 




7 


12 


mA 


Iccz 


Supply current, all outputs off 


Vcc= 5.25V (Note 4) 




8.5 


14 


mA 



* : All typical values are at Vcc=5V,T a =25 C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Iccl ' s measured with all inputs at OV. 

Note 4: Iccz is measured with 1 0C and 20C at 4.5V and all other inputs at 0V. 

SWITCHING CHARACTERISTICS (VCC= 5 V, Ta = 25t, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do ~ D3 to output Y 


C L =l5pF (Note 5) 




8 


25 


ns 


tpHL 




12 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa, Sb to output Y 




12 


45 


ns 


tpHL 




12 


32 


ns 


tpZH 


Output enable time to high-level 


.R L =2kQ, C L =15pF (Note5) 




11 


28 


ns 


tpZL 


Output enable time to low-level 


R L =2kQ, C L =15pF (Note 5) 




12 


23 


ns 


tpHZ 


Output disable time from high-level 


R L =2kQ, C L =5pF (Note5) 




15 


41 


ns 


tpLZ 


Output disable time from low-level 


R L =2kQ, C L =5pF (Note 5) 




9 


27 


ns 
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Note 5: Measurement circuit 

INPUT V C C OUTPUT Vrjc 



PG 



:R L 



7swi 



5kQ 
- J WV- 



±C L 



1 



SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR-1MHz, t r =6ns, t f =6ns, t w =500ns, V P = 3V P . P , Z = 50a 

(2) All diodes are switching diodes. (t rr ^4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 

/ 



Drj~D3 
Sa. Sq 



LEVELS OF 
DELAY 3 



LEVELS OF 
DELAY 2 



OC 



/ 



Y 



tPHL 



I 



\ 



I 



\ 



I 



id 



s =4 - 1 



MITSUBISHI 
l ELECTRIC 



2-287 



MITSUBISHI LSTTLs 

M74LS256P 



DUAL 4-BIT ADDRESSABLE LATCH 



DESCRIPTION 

The M74LS256P is a semiconductor integrated circuit 
containing a dual demultiplexer circuit configured into a 
4-bil latch addressable in 2-bit binary code. 

FEATURES 

• Easily expandable 

• May be used as a 2-bit binary-to-quaternary decoder/ 
demultiplexer 

• Active low common reset 

• Wide operating temperature range (T a = —20 ~ +75° C) 

APPLICATION 

General purpose, for use. in industrial and consumer 
equipment 

FUNCTIONAL DESCRIPTION 

This device is configured from two circuits providing the 
capability to function as a 2- bit binary-to-quaternary 
demultiplexer or as a 4-bit latch. The operational modes 
listed below are selectable using mode control input M/C 
(common to both circuits) and reset input R in combina- 
tion. 

(1 ) 2-bit binary-to-quaternary decoder/demultiplexer 

(2) Addressable latch 

(3) Data input inhibit 

(4) Reset 

When used as a 2-bit binary-to-quaternary decoder/ 
demultiplexer and a 2-bit binary number is applied to select 
inputs S A and S B , one of the Q ~ Q3 outputs will 
correspond to that number, and the signal appearing at its 
output will be the same as the one present at data input D. 
All other outputs will remain low-level at this time; and 
latch operations are not performed in this mode. 



PIN CONFIGURATION (TOP VIEW) 



SELECT 
INPUTS 



s A ->|T 



s B — [F 

DATA INPUT 1D — ► [7 

1Q0 «- £[ 
1Q1 — [7 

1Q2 *-[£ 

1Q3 — \T 

GND OE 



r 



a: 

R 
-11D 



S/ 

1Q1 
1Q2 

M/C 
103 



Tej) vcc 

iE)- R RESET 



2D 
Sa 

2O3 
S B 

20 2 
M/C 

20l 

2Qq 



NPUT 
MODE 



2£| M/C CONTROL 

INPUT 
13] «- 2D DATA INPUT 



lU— 2Q 3 J 

n]-* 2 °2 

KJJ— 2Qi 
U-^ 2Q 



Outline 16P4 



When used as an addressable latch, S A and S B will be 
lecified as in the above operation, with the corresponding 
tch being selected. The signal present at data input D will 
then appear at output. When M/C transits from low to high 
(data inhibit mode), the information present at D im- 
mediately prior to that event will be latched. When M/C is 
low-level, changing the signal at D will also change the 
signal present at Q. 

During the data input inhibit mode, changes applied to 
D will not affect Q ~ Q3, and the status prior to M/C 
transiting high will be held. 

Direct reset is activated by all outputs at low-level, 
regardless of the status of D, S A/ and S B . 



BLOCK DIAGRAM 



2D R S B 
DATA RESET ^ 




GND 



INPUT INPUT 



v 

SELECT INPUTS 



DATA MODE 
INPUT CONTROL 
INPUT 
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FUNCTION TABLE (NoteD 



Operational mode 


R 


M/C 


D 


S A 


Sb 


Qo 


Qi 


Qz 


03 


Reset 


L 


H 


X 


X 


X 


L 


L 


L 


L 


Active high 4-channel . 
demultiplexers 


L 


L 


. L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


H 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


-L 


H 


H 


L 


L 


H 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


H 


L 


H 


L 


L 


H 


L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


L 


L 


H 


H 


H 


L 


L 


L 


H 


Memory 


H 


H 


X 


X 


X 


Qo° 


Qi° 


Q2° 


Q3° 


Addressable latch 


H 


L 


L 


L 


L 


L 


Qi° 


Q2° 


03° 


H 


L 


H 


L 


L 


H 


Qi° 


Q2° 


03° 


H 


L 


L 


H 


L 


Qo° 


L 


Q2 


03° 


H 


L 


H 


H 


L 


Qo° 


H 


Q2 


03° 


H 


L 


L 


L 


H 


Qo° 


Qi° 


L 


03° 


H 


L 


H 


L 


H 


Qo° 


Qi° 


H 


Q3° 


H 


L 


L 


H 


H 


Oo° 


Qi° 


Q2° 


L 


H 


L 


H 


H 


H 


Qo° 


Qi° 


02° 


H 



Note 1. X : Irrelevant 

Q° : Indicates output status prior to input. conditions being set. 



ABSOLUTE MAXIMUM R AT I NGS(Ta=- 20 -4- 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ + 75'C. unless otherwise noted.) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


juA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS(Ta = -20~+75C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V. l|c=-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V. V| = 0.8V 
V| = 2V. l O H=-400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC =4.75V 
V|=0.8V.V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


| L = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


M/C 


V C c = 5.25V. V|=2.7V 






40 


//A 


Exclusive of M/C 






20 


M/C 


Vcc-5.25V. V|-10V 






0.2 


mA 


Exclusive of M/C 






0.1 


IlL 


Low-level input current 


M/C 


V C c = 5.25V. V|=0.4V 






-0.8 


mA 


Exclusive of M/C 






-0.4 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V. V =OV 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




20 


36 


mA 



* : All typical values are at V C c := 5V, T a = 25°C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 
3. Ice i s measured with all inputs at OV. 



SWITCHING CHARACTERISTICS (VCC = 5V, T a = 25^C t unless otherwise noted ) 



Symbol 


Parameter 


Test conditions . 


Limits 


Unit 


Min 


Typ 


Max 


tpHL 


High-to-low-level output propagation time, 
from input R~ to output Qo~0.3 


C L -15pF (Note4) 




9 


27 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D to output Qo~C>3 




15 


32 


ns 


tPHL 




11 


21 


ns 


tPLH 


Low-to-high-level, high-to-low-leveloutput propagation 
time, from input Sa, Sq to output Qrj~Q3 




15 


38 


ns 


tPHL 




11 


29 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input M/C to output Qrj~0-3 




14 


35 


ns 


tPHL 




13 


24 


ns 



TIMING REQUIREMENTS (VCC = 5V, T a = 25'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tsu(DH) 


D high-level setup time to M/C 




15 


10 




ns 


th(DH) 


D high-level hold time to M/C 


5 


- 5 




ns 


tsu (DL) 


D low-level setup time to M/C 


15 


8 




ns 


th(DL) 


D low-level hold time to M/C 


5 


- 7 




ns 


tsu(S) 


S A , Sb setup time to M/C 


15 


7 




ns 


th(s) 


S A , S B hold time to M/C 


5 


- 5 




ns 


tw(M/C) 


M/C pulse width 


15 


8 




ns 


tw(R) 


R pulse width 


15 


7 




ns 



Note 4. Measurement Circuit 
INPUT 



A/cc OUTPUT 





c 


) 


1 


) 


c 






DUT 




PG 












1 


7 


T 


7/ 



(1 ) The pulse generator (PG) has the following characteristics: 

PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns. V P = 3V P . P . Z = 50ft. 

(2) C|_ includes probe and jig capacitance. 
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TIMING DIAGRAM (Reference level = 1.3V) 



M/C 



Qo~Q3 




tPHL 



\ i 



Q0-Q3 



Sa. Sb 



M/C 



~X 7 



tPHL 



v th(s)/ 



» 



tsu(S) 



Sa. Sb 



Sa. Sb 



Qo~Q3 



\ / 



X 



tPHL 



'3T 



M/C 



th(DH) th(DL) 

Atsu(DH)/ V tsu(DL)/— 



Y 



Qo~Q3 



Q 



tPHL 



Note 5. Shaded area denotes the time period in which switching is possible. 
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DESCRIPTION 

The M74LS257AP is a semiconductor integrated circuit 
containing four 2-line to 1-line data selector/multiplexer 
circuits and 3-state outputs. 

FEATURES 

• Output control input common to all four circuits 

• 3-state outputs 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has four data selector circuits which provide 1-line 
selection of 2 input signals using four multiplexer circuits 
which convert the 2-bit parallel data into serial data by 
time-sharing. When 2-line signals are applied to the data 
inputs D and D lf and 1 data is specified from among the 
data input from selection input S A , the input signal is 
output at Y. 

S A and output control OC are common to all four 
circuits. When OC is set high, 1Y, 2Y, 3Y and 4Y are put in 
the high- impedance state irrespective of the status of the 
other inputs. 

M74LS257AP has the same functions and pin connec- 
tions as M74LS157P but the latter is provided with active 
pull-up resistor outputs. 



PIN CONFIGURATION (TOP VIEW) 



SELECTION s . _+ it* 

INPUT LL 



DATA 
INPUTS 




1|] . Vcc 

_ OUTPUT 

Til «- OC CONTROL 

1 INPUT 



Outline 16P4 



FUNCTION TABLE (NoteD 






OC 


s A 


Do 


D1 


Y 


H 


X 


X 


X 


Z 


L 


L 


L 


X 


L 


L 


L 


H 


X 


H 


L 


H 


. X 


L 


L 


L 


H 


X 


H 


H 



Note 1 X ' Irrelevant 

Z ' High-impedance state 



BLOCK DIAGRAM 



OUTPUTS 



L. 



OC 

OUTPUT 

CONTROL 

INPUT 




.«« — dWD — ©—©--- 

1Do ID1 2D 2Di 



DATA INPUTS 



SELECTION 
INPUT 



VCC 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20~ + 75t:, unless otherwise noted ) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


"0 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75TC, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS <Ta = -20~+751C. unless otherwise noted ) 



Symbol 










Limits 


Unit 




Test conditions 


Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voitage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V| = 2V, l H=-2.6mA 


2.4 


3.1 




v 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V| = 2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


V C c=5.25V, V| = 2V, V =2.4V 






20 


m a 


l0ZL 


Off-state low-level output current 


Vcc=5.25V, V| = 2V, V O =0.4V 






-20 


juA 


llH 


High-level input current 


Do, Di, OC 


Vcc=5.25V 
V|=2.7V 






20 


fif\ 


Sa 






40 


Do, Di, OC 


V C C=5.25V 
V|=10V 






0.1 


mA 


S A 






0.2 


IlL 


Low-level input current 


Do, D-|, OC 


Vcc = 5. 25V 
V|=0.4V 






-0.4 


mA 


S A 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, V =OV 


-30 




-130 


mA 


ICCH 


Supply current, all outputs high 


V C c=5.25V (Note 3) 




6.2 


10 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V (Note 4) 




10 


16 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V (Note 5) 




12 


19 


mA 



* : All typical values are at V CC =5V, T a =25 C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: I cch is measured with OC, S A , Dj at 0V and D at 4.5V 

Note 4: I ccl is measured with all inputs at 0V. 

Note 5: I ccz is measured with OC at 4.5V and all other inputs at 0V. 

SWITCHING CHARACTERISTICS (Vcc=5V,Ta = 25^C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do, D 1 to output Y 


C L =45pF (Note 6) 




6 


18 


ns 


tpHL 




8 


18 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input Sa to output Y 




11 


28 


ns 


tpHL 




11 


35 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q C L =45pF (Note 6) 




7 


22 


ns 


tpZL 


Output enable time to low-level 


R L =667Q, C L =45pF (Note 6) 




9 


35 


ns 


tpi_Z 


Output disable time from low-level 


R L =667Q, C L =5 pF (Note 6) 




11 


26 


ns 


tpHZ 


Output disable time from high-level 


R|_=667Q, C|_=5 pF (Note 6) 




8 


35 


ns 
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Note 6: Measurement circuit 

INPUT Vcc OUTPUT Vcc 



:Rl 



7SW1 



5kQ 



^°L 



7SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3Vp.p,Z o = 50n. 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



Do.Di 
S A 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



V 



/ 



tpHL 






tpZL 



tPZH 



f 



tPLZ * 



tPHZ 



5V 



V=l - 5 



APPLICATION EXAMPLE 

4-line to 1-line data selector (multiplexer) 



SELECTION J B ~ 
INPUTS] S A - 



3Y 4Y 



1Y 2Y 3Y 4Y 

M74LS257AP 

1D 1D, 2Dq 2D, 3Dq 3D, 4Dq 4D, S a 0C 



i. I | 
1D 2Drj 3D 4D 

\ _^ 

DATA INPUTS 
(WORD 0) 



?— H> 



1Y 2Y 3Y 4Y 

M74LS257AP 

1Drj ID, 2Dq 2D, 3Do 3D, 4Dq 4D, S a 0C 



>£M74LS04P 



1D, 2D, 3D14D! 1D 2 2D 2 3D 2 4D 2 



DATA INPUTS 
(WORD 1) 



DATA INPUTS 
(WORD 2) 



Sa 


S B 


OUTPUT 


L 


L 


WORD 


L 


H 


WORD 1 


H 


L 


WORD 2 


H 


H 


WORD 3 



1D3 2D 3 3D 3 4D3 

Vs. J 

DATA INPUTS 
(WORD 3) 
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QUADRUPLE 2-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 

WITH 3-STATE OUTPUT (INVERTED) 



DESCRIPTION 

The M74LS258AP is a semiconductor integrated circuit 
containing four 2-line to 1-line data selector/multiplexer 
circuits with 3-stage outputs. 

FEATURES 

• Inverted outputs 

• Output control input common to all four circuits 

• Select input common to all four circuits 

• 3-state outputs 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC contains four sets of circuits which are used 1-line 
selection 2 input signals and as both data selectors, selecting 
1-line out of 2 input signals, and multiplexers which 
convert the 2-bit parallel data into serial data by time-shar- 
ing. When one out of 2-line signals, which are applied to the 
data inputs D and D lf is specified by select from input 
S A , inverted signal of that appears at output Y. 

S A and output control OC are common to all four 
circuits. When OC is set high, 1 Y, 2Y, 3Y and 4Y are put in 
the high-impedance state irrespective of the status of the 
other inputs. 

M74LS258AP has the same functions and pin connec- 
tions as M74LS158P but the latter is provided with active 
pull-up resistor outputs. 



PIN CONFIGURATION (TOP VIEW) 



DATA 
INPUTS 



DATA I 
INPUTS 



SELECTION c A . FT 
INPUT b A-> [I 

|l Do -> [7 

[id,- U 

OUTPUT 1Y «— {± 
(2D -* |T 
[2D,-* [6 

OUTPUT 2Y «- [J 
GND 0. 



m \J~ 



id Sa oc 



jU Vcc 

_ OUTPUT 

TZ1 4- OC CONTROL 

12J INPUT 



IDi 4D — u\ '«- 4D ° 

1Y 4Di 

2D 4Y 

2Di 3D 

2Y 3Dt 
3Y 



DATA 
INPUTS 



T|] — 4D 

T|] — ♦ 4Y OUTPUT 

u] - 3D o) 

— ' 1 DATA 

— . f INPUTS 

TO] *- 3D, 

1] -* 3Y OUTPUT 



Outline 16P4 



FUNCTION TABLE <Noteu 



OC" 


S A 


Do 


. D, 


Y 


H 


X 


X 


X 


Z 


L 


L 


L 


X 


H 


L 


L 


H 


X 


L 


L 


H 


X 


L 


H 


L 


H 


X 


H 


L 



X : Irrelevant 

Z : High-impedance state 



BLOCK DIAGRAM 



OUTPUTS 




OC 1D 1D 2 

OUTPUT 
CONTROL 

INPUT 



— ® 



DATA INPUTS 
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QUADRUPLE 2-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 

WITH 3-STATE OUTPUT (INVERTED) 



ABSOLUTE MAXIMUM RATINGS da = -20 


— h 75t) , unless otherwise noted.) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


v C c 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65~ + 150 


*C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r, unless otherwise noted.) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


Voi_^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75lC, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low- level input voltage ' 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V| = 2V, | H=-2.6mA 


2.4 


3. 1 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


I QL=24mA 




0.35 


0.5 


V 


lOZH 


Off-state high-level output current 


Vcc=5.25V, V| = 2V, V =2.7V 






20 


A/A 


IOZL 


Off-state low-level output current 


Vcc=5.25V, V| = 2V, V O =0.4V 






-20 


juA 


llH 


High-level input current 


Do, Di, OC 


V C c=5.25V , 
V| = 2.7V 






20 


U A 


S A 






40 


D , Di, OC 


Vcc=5.25V 
V|=10V 






0.1 


mA 


S A 






0.2 


IlL 


Low-level input current 


D , Di, OC 


V CC =5.25V 
V| = 0.4V 






-0.4 


mA 


S A 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, V O =0V 


-30 




-130 


mA 


ICCH 


Supply current, all outputs high 


V C c= 5.25V (Note 3) 




4.5 


7 


mA 


ICCL 


Supply current, all outputs low 


Vcc= 5.25V (Note 4) 




8.8 


14 


mA 


Iccz 


Supply current, all outputs off 


Vcc= 5.25V (Note 5) 




12 


,19 


mA 



*: All typical values are at V cc = 5V, T a = 25 C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: I cch is measured with all inputs at OV. 

Note 4: I C cl is measured with OC, S A and D, at 0V and D at 4.5V. 

Note 5: I ccz is measured with OC~at 4.5V and all other inputs at OV. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25r, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do, Di to output Y 


C L =45pF (Note 6) 




5 


18 


ns 


tpHL 




8 


18 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
. time, from input Sa to output Y 




9 


28 


ns 


tpHL 




16 


35 n 


ns 


l PZH 


Output enable time to high-level 


R L =667Q, C L =45pF (Note 6) 




7 


22 


ns 


tpZL 


Output enable time to low-level 


Rl_=667Q, C L =45pF (Note 6) 




12 


35 


ns 


tpi_Z 


Output disable time from low-level 


Rl_=667Q, C L = 5pF (Note 6) 




11 


26 


ns 


*PHZ 


Output disable time from high-level 


R L =667Q, C L = 5pF (Note 6) 




8 


35 


ns 
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QUADRUPLE 2-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 

WITH 3-STATE OUTPUT (INVERTED) 



Note 6: Measurement circuit 
INPUT 



50Q| 



Vcc OUTPUT Vrjc 

|Rl 
7SW1 

5kQ 

wv- 



>f>h 



± C L 



YSW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpzL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


. Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz,t r =6ns, t f =6ns.t w = 500ns, Vp=3V P .p,Z o =50n. 

(2) All diodes are switching diodes. 

(3) Cl includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



oc 



\ 



Do.Di V 
Sa ^ 




; 


i 












LEVELS OF 
DELAY 2 


t\ 




tPHL 


i 




tPLH 




LEVELS OF 
DELAY 3 


\ 

tPHL 


/ 








tPLH 





tPZL 



/ 



tPZH 



tPLZ * 



£=[ 



tPHZ 
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8-BIT ADDRESSABLE LATCH 



DESCRIPTION 

The M74LS259P is a semiconductor integrated circuit 
containing 8 latch circuits and a demultiplexer which 
designates the latches with a 3-bit binary code. 

FEATURES 

• Easy bit expansion 

• Usable as 3-bit binary/octal decoder/demultiplexer 

• Direct reset input provided 

• Wide operating temperature range (T a = —20 ~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of a 3-bit binary /octal de- 
multiplexer and 8 latch circuits. The following operational 
modes can be selected by combining the mode control 
input M/C with the reset input R , 

(1) 3-bit binary /octal M/C: Low; 
decoder/demultiplexer R: Low 

(2) Addressable latch M/C: Low; 

R: High 

(3) Data input inhibit M/C: High 

R: High 

(4) Reset M/C: High; 

R: Low 

When this device is used as a 3-bit binary /octal decoder/ 

demultiplexer and the select inputs Sa ~ Sq are designated 

by a 3-bit binary number, the same signal as the data input 



PIN CONFIGURATION (TOP VIEW) 



SELECT 
INPUTS 



OUTPUTS 



s A -[T 
s B -[T 
Sc->[T 

Qo«- [T 
Qi — [7 

03- [7 

GND rj[ 



SB 


Sa 


R 


Sc 


M/C 


Qo 




D 


Qi 




07 


Q2 




06 


Q3 


04 


Qs 






i_ MODE 

U\ *~M/C CONTROL 
^ INPUT 



Vcc 



RESET INPUT 






-Q7 
u\-* Q6 
10] — Q5 

T|->Q 4 



DATA INPUT 



Outline 16P4 



D appears in one of the outputs Qo ~ Q7 corresponding to 
that number and all the other outputs are set low. There is 
no latch operation in this mode. 

When used as an addressable latch and inptus Sa ~ Sc 
are designated as above, the corresponding latch is selected 
and the same signal as D appears in the output. When M/C 
changes from low to high (data inhibit mode), the 
information from the data input D immediately before the 
change is latched. When M/C is low, the signal appearing in 
Q is also changed if the signal D is changed. 

In the data input inhibit mode Q ~ Q7 do not change 



BLOCK DIAGRAM 



07 



06 05 

~© -<5>- 



04 



03 



Qo 



Vcc 
3?) 




RESET INPUT 



SELECT INPUTS 



MODE 
CONTROL INPUT 
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even if D is changed and the status before M/C is set high is 
held. 

With direct resetting, all the outputs are reset low ir- 
respective of the status of D and S A ~ S c . 



FUNCTION TABLE (Note D 



Operational mode 


R 


M/C 


D 


Sa 


S B 


Sc 


Oo 


01 


02 


Q3 


04 


05 


06 


07 


Reset 


L 


H 


X 


X 


X 


X 


L 


L 


L 


L 


L 


L 


L 


L 


3-bit binary/octal 
decoder/demultiplexer 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 






























L 


L 


L 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


Data input inhibit 


H 


H 


X 


X 


X 


X 


Oo° 


0i° 


02° 


03° 


04° 


05° 


06° 


07° 


Addressable latch 


H 


L 


L 


L 


L 


L 


L 


0i° 


02° 


03° 


04° 


05° 


06° 


07° 


H 


L 


H 


L 


L 


L 


H 


Qi° 


02° 


03° 


04° 


05° 


06° 


07° 


H 


L 


L 


H 


L 


L 


0o° 


L 


02° 


03° 


04° 


05° 


06° 


07° 


H 


L 


H 


H 


L 


L 


0o° 


H 


Q2° 


03° 


04° 


05° 


06° 


07° 






























H 


L 


L 


H 


H 


H 


0o° 


Qi° 


Q2° 


03° 


04° 


05° 


06° 


L 


H 


L 


H 


H 


H 


H 


0o° 


Qi° 


Q2° 


03° 


04° 


05° 


06° 


H 



Note 1 X : Irrelevant 

0° • Level of Q before the indicated steady-state input conditions were established. 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vl 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0:5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65-+150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~-4-75°C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-400 


/iA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 
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8-BIT ADDRESSABLE LATCH 


ELECTRICAL CHARACTERISTICS (T a = -20~ + 75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max' 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


V C c = 4.75V. l|c=-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c = 4.75V. V| = 0.8V 
V| = 2V. Ioh=-400/;A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=-0.8V.V|=2V 


loL = 4mA 




0.25 


0.4 


V 


l0L = 8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c=5.25V. V| = 2.7V 






20 


uA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V. V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V. V = OV 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 3) 




22 


36 


mA 



* ! All typical values are at Vcc = 5V, Ta=25 C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with all inputs at 0V. 



SWITCHING CHARACTERISTICS (V C C=5V. T a = 25°C, unless otherwise noted) 



TIMING REQUIREMENTS (VcC=5V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPHL 


High-to-low-level output propagation time, from input 
R to outputs Qo~Qi 


C L -l5pF 




9 


27 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D to outputs Oo~~Q7 




15 


32 


ns 


tPHL 




12 


21 


ns 


tpLH 


Low-to-high-level, high-to- low- level output propagation 
time, from inputs Sa, Sb, Sq to outputs Qo~Q7 




15 


38 


ns 


tPHL 




12 


29 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time from input M/C to outputs Qo~07 




14 


35 


ns 


tPHL 




13 


24 


ns 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tsu(DH) 


Setup time D high to M/C 




15 


10 




ns 


th(DH) 


Hold time Dhigh to M/C 


5 


-5 




ns 


tsu (DL) 


Setup time D low to M/C 


15 


8 




ns 


th(DL) 


Hold time. D low to M/C 


5 


-7 




ns 


tsu(s) 


Setup time S a, Sb to M/C 


15 


7 




ns 


th(s) 


Hold time Sa, Sb, to M/C 


5 


-5 




ns 


tw(M/C) 


M/C input pulse width 


15 


8 




ns 


tw(R) 


R input :pulse width 


15 


7 




ns 



Note 4: Measurement circuit 

INPUT 
O 



Vcc 



PG 



17T 



I^Cl 



w 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f ^= 6ns, t w = 500ns, 
V P = 3Vp. P , Z = 50ft. 

(2) C|_ includes probe and jig capacitance. 
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TIMING DIAGRAM (Reference level = 1.3V) 



M/C 



Qo~Q? 




S A ~S C 
Sa~S c 

Q0-Q7 



\ / 



tPHL 



i \ 



m^ 



tPHL 



\ t 



Qo~Q7 

Sa~S c 
M/C 



X. 



tPHL 



I 



r 



M/C 



th(DH) 

AISU(DH)/ V 



\ th(s)i — 



tsu(s) 



(DL y 



Qo~07 



\ 



tPHL 



Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



APPLICATION EXAMPLE 
16-bit addressable latch 



Qo Q1 Q2 Q3 04 Qs Qe 0? 

/i A 4 A A A I M 



Qs Q9 Q.10 O11 Q12 Q13 Qm Q15 

A A AAA A A ii ■ 



Qo Qi Q2 Q3 Q4 Q5 Qe Q? R 
M74LS259P 

Sc Sb Sa D M/C 



Qo Q1 Q2 Q3 Q4 Q5 Qe Q7 R 
M74LS259P 

S C S B S A d M/C 



1 

f \ 



1/4 M74LS00P 



v 1/4 M74LS00P 



/ \ 



DATA INPUT 



,1 h A a 

Sq Sq Sb Sa 

' v ' 

SELECT INPUTS 



1/4 
M74LS00P 



M/C R 

MODE reset 

CONTROL INPUT 
INPUT 
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QUADRUPLE 2-INPUT EXCLUSIVE NOR GATE 
WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS266P is a semiconductor integrated circuit 
containing four integral open-collector output circuits 
configured into dual input exclusive NOR gates. 

FEATURES 

• "wire-AND" capability 

• Capable of gating high output voltages (V ^ 7V) 

• Low power dissipation (Pd = 40mW typical) 

• Wide operating temperature range (Ta = —20 ~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

FUNCTIONAL DESCRIPTION 

The use of open-collector output circuits in this device gives 
the user the option of varying high-level output impedance 
via an external resistance. It is thus possible to implement 
an AND tie which is not possible in conventional gates. 
When both inputs A and B are either high or low- 
level, output Y goes high-level. Conversely, when A and B 
are high — low, or low — high with respect to each other, Y 
will be low-level. 

FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



-\_/ 




* : OPEN COLLECTOR OUTPUT 

Outline 14P4 



CIRCUIT DIAGRAM (Applicable to each gate) 



-OVcC 



fAo ' t JH * 



IBO- 



24k^ 24k<9k£ 24k<7k| 



Wi 



ifi? 



:5.4k 



< 



5k< 



4T 



Y 

OUTPUT 



^— OGND 



UNIT : Q 



ABSOLUTE MAXIMUM RATINGS (Ta=- 20- 4 -75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- +7 


V 


V| 


Input voltage 




-0.5- +15 


V 


Vo 


Output voltage 


High-level state 


-0.5- 4-7 


V 


Topr 


- Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 
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RECOMMENDED OPERATING CONDITIONS (T a = -20~ + 75"C, unless otherwise noted.) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V =5.5V 







100 


*A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS(T a = -20~ + 75C. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ.* 


Max 


Vih 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. l| C = -18mA 






-1.5 


V 


lOH 


High-level output current 


V C c = 4.75V. V|=0.8V 
V| = 2V. V =5.5V 






100 


juA 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V,V|=2V 


IOL=4mA 




0.25 


0.4 


V 


| 0L = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c = 5.25V. V|=2.7V 






40 


M 


V C c=5.25V. V| = 10V 






0.2 


mA 


IlL 


Low-level input current 


V C c=5.25V. V| = 0.4V 






-0 8 


mA 


Ice 


Supply current 


Vcc = 5.25V (Notel) 




8 


13 


mA 



* : All typical values are at Vcc = 5V, T a = 25 C. 

Note 1 . Ice is measured with one input of each gate at 4.5V, the other inputs grounded, and the outputs open. 



SWITCHING CHARACTERISTICS (v C c=5v, 


Ta = 25°C, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time 


R L = 2 kQ. 

C|_ = 15 pF Other input low-level (Note 2) 




16 


30 


ns 


tPHL 




16 


30 


ns 


tPLH 


R L =2k& 

C|_ = 1 5 pF Other input high-level (Note 2) 




14 


30 


ns 


' tPHL 




14 


30 


ns 



Note 2. Measurement Circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



INPUT Vcc Vcc OUTPUT 



50Q* 



DUT 



t Cl 

iir w 



(1 ) The pulse generator has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 6ns, 
t w = 500ns, V P = 3V P .p, Z Q = 5012. 

(2) C|_ includes probe and jig capacitance. 



A or B 



r 

J 



Y 



Y 



tPHL 



/ 



tPLH 

■< — »> 



1 



tPHL 

■< — >■ 



MITSUBISHI 
.ELECTRIC 



2-303 



MITSUBISHI LSTTLs 

M74LS273P 

OCTAL POSITIVE EDGE-TRIGGERED D-TYPE FLIP FLOP WITH RESET 



DESCRIPTION 

The M74LS273P is a semiconductor integrated circuit 
containing 8 D-type positive edge-triggered flip-flop circuits 
with common direct reset and clock inputs. 

FEATURES 

• Positive edge-triggering 

• High mounting density with 8 circuits contained 

• Direct reset and clock inputs common to all 8 circuits 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device contains 8 edge-triggered D-type flip-flop 
circuits and it is provided with direct reset Rq input and 
clock input T common to all 8 circuits. When T changes in 
each flip-flop from low to high, the data input signal D 
immediately before the change appears in output Q. 

When Rq is set low, 1Q through 8Q are ail set low 
irrespective of the status of the ID through 8D and T 
signals. For use as a D-type flip-flop, Rp must be kept in 
high. 



PIN CONFIGURATION (TOP VIEW) 

NPUT 
OUTPUT 1Q «-[T 
1D — |T 



DIRECT RESET ^- _^ rr 



DATA I 
INPUTS I 



DATA 
INPUTS 



I 2D — [7 
|2Q- H 
I 3Q «-[[ 

| 3D - \T 



l4D ■ 
OUTPUT 40 < 

GND 



■E 



1 



1Q RD 8Q 



1D 8D 

2D 7D 

2Q 1Q 

3Q 6Q 

3D 6D 

4D 5D 



4Q 50 



DATA 
INPUTS 



20| Vcc 

Ti] -♦ 8Q OUTPUT 

15] «- 8D 
77) «-7D 
l|| — 7Q 

i]-*6Q 
M] — 6D | 
~J3\<- 5D I 



DATA 
INPUTS 



1|] — ► 5Q 0UTPUT 

0<_ j CLOCK 
INPUT 
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FUNCTION TABLE (NoteD 



Rd 


T 


D 


Q 


L 


X 


X 


L 


H 


t 


H 


H 


H 


T . 


L 


i L 


H 


L 


X 


QO 



Note 1 | : Transition from low to high (positive edge 
trigger) 
QO: Level of Q before the indicated steady-state 

input conditions were established. 
X : Irrelevant 
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OCTAL POSITIVE EDGE-TRIGGERED D-TYPE FLIP FLOP WITH RESET 



ABSOLUTE MAXIMUM RATINGS (T a = -2o 


— 4-75°C, unless otherwise noted ) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75°C, unless otherwise noted.) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.7V 







-400 


/M 


lOL 


Low-level output current 


Vol^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a 



-20—4- 75°C , unless otherwise noted.) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, hc=-18mA 






-1.5 


V 


V 0H 


High-level output voltage 


V C c = 4.75V. V| = 0.8V 
V| = 2V. l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V.V|=2V 


Iol — 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V. V|=2.7V 






20 


*A 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V. V t =0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V. V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




17 


27 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
Note 3: Ice is measured after 1 D ~ 8D and Rrj are made 4.5V and T has been changed from 0V to 4.5V. 

SWITCHING CHARACTERISTICS (Vcc-5V,T a = 25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Ci_=15pF (Note4) 


30 


40 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from T to 1 Q — 8Q 




12 


27 


ns 


tPHL 




13 


27 


ns 


tPHL 


High-to-low-level output propagation time, from 
R^to1Q~8Q 




15 


21 


ns 

I 



Note 4: Measurement circuit 



INPUT 
O 



PG 



50Q 



Vcc 



W 



OUTPUT 
O 



=T= C L 



W 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp=3V P .p,Z o = 50a 

(2) Cl. includes probe and jig capacitance. 
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TIMING 


REQUIREMENTS (vcc=5v, Ta=25-c 


, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TL) 


Clock input T low pulse width 




20 


7 




ns 


tw(R5) 


Direct reset pulse width 


20 


6 




ns 


tsij (D) 


Setup time 1D — 8D to T 


20 


7 




ns 


th(D) 


Hold time 1 D — 8D to T 


5 


-3 




ns 


trec(R5) 


Recovery time Rp toT 


25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(TL) 
T 



^jT^L^ 



1D-8D 



1Q-8Q 



7 



tsu(D) 
r*-» 



s 



X 



th(D) 



lSU(D) 



{ 



tPLH 



Rd 



M 

th(D) 



1 



tPHL 



1Q-8Q 



Note 5: The shaded areas indicate when the input is permitted to change for pre- 
dictable output performance. 



U 



tw(R D ) 

* *J 



I 



trec(R D ) 



tPHL 
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DESCRIPTION 

The M74LS279P is a semiconductor integrated circuit 
containing 4 R-S flip-flop circuits. 

FEATURES 

• High breakdown input voltage (Vj ^ 15V) 

• High breakdown output voltage (Vo ^ 7V) 

• Low power dissipation (Pd = 19mW typical) 

• Low output impedance 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Two of the 4 circuits have set inputs Si and S 2 and reset 
input R and the other 2 circuits have S and R inputs. 

When"S7 or S^ or both are low orS^is low, high appears 
in output Q, and when R is low, low appears in output Q. 
When Si or S2 or both are low and R is low, high appears 
in the output but when each of the inputs is set high at the 
same time, the status of Q cannot be anticipated. 



PIN CONFIGURATION (TOP VIEW) 




Outline 16P4 



FUNCTION TABLE (Note D 



Si 


S 2 


R~ 


Q 


L 


X 


L 


H* 


X 


L 


L 


H* 


L 


X 


H 


H 


X 


L 


H 


H 


H 


H 


L 


L 


H 


H 


H 


Q c 



Note 1 Q° : Level of Q before the indicated steady- 
state input conditions were established 
X : Irrelevant 

* : Nonstable, it will not persist when R~, S7 
and S2 return to their inactive (high) 
level 



CIRCUIT SCHEMATIC (EACH LATCH) 



-O Vcc 



RESET INPUT R O — f 



SET INPUTS 



S.Si O- 



S 2 o- 



2?:^p 






17k 



< 



-w- 



■*- 




1 — VA—f— f O Q OUTPUT 



h^J 



-O GND 
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QUADRUPLE R-S LATCH 


ABSOLUTE MAXIMUM RATINGS (Ta= -20 


— +75*0, unless otherwise noted.) 




Symbol 


Parameter 


Conditions 


Limits 


Unit 


vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5— + 15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


//A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20-+75'C. unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c=4.75V, V| = 0.8V 
V| = 2V, l O H=-400M 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V| = 2V 


IOL=4mA 




0.25 


0.4 


V 


l0L=8mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c= 5.25V 
V| = 2.7V 






20 


//A 


Vcc=5.25V 
V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c= 5.25V 
V| = 0.4V 






-0.4 


mA 


I OS 


Short-circuit output current (Note 2) 


Vcc=5.25V, V O =0V 


-20 




-100 


mA 


ice 


Supply current 


Vcc=5.25V (Note 3) 




3.8 


7 


mA 



* : All typical values are at Vcc=5V, Ta = 25"C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with all R inputs at 0V and all S inputs at 4.5V. 

SWITCHING CHARACTERISTICS (Vcc=5V,Ta = 25^. unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input S to output Q 


C L = 


15pF (Note 4) 




6 


22 


ns 


tpHL 




12 


21 


ns 


tpHL 


High-to-low-level output propagation time, from input 
R to output Q 




12 


27 


ns 
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Note 4: Measurement circuit 



INPUT Vcc OUTPUT 



=FCl 



777 777 777 

(1) The pulse generator (PG) has the following 

characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50n. 
(2). Cl includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 



s D 



\ 



tpLH 



\ 



Rd 



\ r 



\ 



APPLICATION EXAMPLE 
Chattering prevention circuit 

Vcc 



►10k <10k 



■^ 



1^^ 




KM74LS279P 



^ Q 



MITSUBISHI 
.ELECTRIC 



2-309 



MITSUBISHI LSTTLs 

M74LS280P 

9-BIT ODD/EVEN PARITY GENERATOR/CHECKER 



DESCRIPTION 

The M74LS280P is a semiconductor integrated circuit 
containing a 9-bit parity generator/checker function. 

FEATURES 

• Easy expansion of bits with cascade connection 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is provided with both a 9-bit parity generator 
and checker functions. For use as a parity generator, parity 
outputs in even output 2 E and odd output 2 are obtained 
in accordance with the function table, depending on 
whether the number of high-level data in the inputs is even 
or odd when 9-bit data are applied to data inputs D ~D 8 . 
For use as a parity checker, one of the 9-bit data inputs 
is used for the even or odd parity designation and the 
remaining 8 bits are used as the data. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUTS 



D 6 -[7 



DATA INPUT 



d 7 -[7— 
^jc [T 

D 8 — IT- 
EVEN OUTPUT 2e<— [T 

ODD OUTPUT 2o+~ \T 

GND [T 



-\J~ 



1 



2 D- 

Do 

— C= 



J 6D 5 
D 4 

D 3 

D 2 — fio] 



33 v cc 

— jH«-d 4 

«-D 2 
U — D o 



y DATA INPUTS 



NC : NO CONNECTION 
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FUNCTION TABLE 



Number oi high-level data 
in input data. 


2 E 


2 


Everr number 


H 


L 


Odd number 


L 


H 



BLOCK DIAGRAM 



INPUTS 



14) Vcc 




{?) GND 
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ABSOLUTE MAXIMUM RATINGS (Ta= -20~-+75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20^+75 


TJ 


Tstg 


Storage temperature range 




-65- 4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~-f 751C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


AiA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, lic= — 18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| =0.8V 
V| =2V, Ioh=-400/^A 


2.7 


3.4 




V 


Vol 


Low-level output 


Vcc= 4.75V 
V|=0.8V. V|=2V 


Iol— 4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


M 


Vcc=5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, Vi =0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 1) 


Vcc=5.25V, Vo= V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc= 5.25V (Note 2) 




16 


27 


mA 



* : All typical values are at Vcc = 5V, Ta= 25 C. 
Note 1 : All measurements should be done quickly. 
Note 2: Ice ' s measured with all inputs at OV. 



SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25°C, unless otherwise noted) 



Symbr 1 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Drj~ Ds to output v £ 


C|_=15pF (Note 3) 




22 


50 


ns 


tpHL 




17 


45 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do — D% to output ^q 




16 


35 


ns 


tpHL 




17 


50 


ns 



Note 3: Measurement circuit 



INPUT 
9 



Vcc 



PG 



^c L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r =6ns, t f =6ns. t w = 500ns, V P =3V P . P , Z o = 50fi. 

(2) C|_ includes probe and jig capacitance 
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TIMING DIAGRAM (Reference level = 1.3V) 



Dn~D 8 



LEVELS OF 
DELAY 2 



LEVELS OF 
DELAY 3 



i — V- 

tPLH tpHL 



/ 



TpHL tPLH 



APPLICATIONS EXAMPLES 



(1) 25-line parity generator/checker 



(2) 81 -line parity generator/checker 



DATA 
INPUTS 



DATA 
INPUTS 



DATA 
INPUTS 



fD 
Oi 
D 2 
D 3 
D 4 
D 5 
De 
D 7 
D 8 



D 9 
D10 
D11 
D12 
D13 
D14 
^D 15 



Die 
Dn 
Die 
Dig 
D 2 o 
D21 
D22 
D23 
LD24 





Do 

°1 Q. 2 E 

°2 £ 

D 3 8 
D 4 W 

D 6 £ 2o. 

D 7 * 
D 8 


















— 











Do 

D2 § 2E 

D4 j 
D 5 ;* 
De 5 2o- 

D 7 * 
D 8 












































Do 

Di Q. y_ 

Dz g 2E 
D 4 3 » 

D 5 Tf 

D 8 






"• 












* 











HIGH: 

EVEN NUMBER 

LOW: 

ODD NUMBER 



HIGH: 

ODD NUMBER « 

LOW: 

EVEN NUMBER 



DATA. 
INPUTS 





Do 

Di DL 2 E - 
D2 

D 3 S 
D 4 U) 

D 6 £ yn 
D 7 2 2o 
D 8 


_^- 


-«— 










HIGH: 

EVEN NUMBER 

LOW: 

ODD NUMBER 



HIGH: 

ODD NUMBER 

LOW: 

EVEN NUMBER 
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DESCRIPTION 

The M74LS283P is a semiconductor integrated circuit 
containing a 4-bit full adder function using the look-ahead 
carry method of operation. 

FEATURES 

• Full-carry look-ahead across the four bits 

• Systems achieve partial look-ahead performance with the 
economy of ripple carry 

• Wide operating temperature range (Ta = —20 ~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

FUNCTIONAL DESCRIPTION 

This device functions as a 2-group, 4-bit binary adder with 
full adder capability. When a 4-bit binary number is applied 
to input At thru A 4 or B-j thru B 4 and a carry signal from 
the previous. column is applied to input C , the sum output 
for the respective bits will appear at output 2-j ~ S 4 ; and 
carry output to the following column will appear at C 4 . 
The full adder capability of this device is also complete 
with full look-ahead carry operations, and its high speed 
means that a 4-bit carry output is produced at an average 
rate of 8ns (typical). Thus, when N-stages are configured 
for parallel addition of an N-number of 4-bit inputs, a carry 
output can be obtained with a 8Nns delay time. (See the 
application example provided in the back of this specifica- 
tion sheet.) Also provided is the M74LS83AP with the same 
functions and electrical characteristics. This device differs 
only in its pin configuration. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 2 2 «— (T 
B 2 — > [7 
A 2 — [7 
2!— [7 
Ai— |T 
Bi — (T 

Co — [T 

GNpfT 



CAARY 
INPUT 



Bz 


22 B3 


A2 


A3 


2i 


2 3 


Ai 


A4 


Bi 


B4 


Co 


2 4 
C 4 




1 



i£] Vcc 

1J0«- 93 1 

INPUTS 

If] —A3. 

U\ -* 2 3 OUTPUT 

12]— A4 

INPUTS 

m *— b 4 j 

10] -♦ 2 4 OUTPUT 
]D— C4 



CARRY 
OUTPUT 



Outline 16 PA 



BLOCK DIAGRAM 



CARRY INPUT 



CARRY OUTPUT 

C 4 Vcc 

— ® <S) 




A 4 B 4 



GND 
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FUNCTION TABLE (Note i) 



Ck-1 


A k 


B k 


2k 


c k 


L 


L 


L 


L 


L 


L 


H 


L 


H 


L 


L 


L 


H 


H 


L 


L 


H 


H 


L 


H 


H 


L 


L 


H 


L 


H 


H 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H . 



Note 1 . 2< and Ck are the sum and carry output calculated in response to 
input at Ak , Bk . and Ck-1 (carry input), derived from the following 
logical equation. 

2 K =A K ©B K ©C K .i 

C k =Ak-B k + (A k +B k )-C K -i 

(Where K = 1~4; © = Exclusive OR; + = OR; • = AND) 



ABSOLUTE MAXIMUM RATINGS (T a =-20~4-75°C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5- 4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (T a = -20~4-75'C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V H^2.7V 







-400 


;"A 


lOL 


Low-level output current 


Vol ^ 0.4 V 







4 


mA 


Vql^0.5V 





( 


8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~4-75°C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V,H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. l| C =-l8mA 






-1.5 


V 


Voh 


High-level output voltage 


V cc=4.75V, V|=0.8V 
V| = 2V. l O H=-400/M 


2.7 


• 3.4 




V 


Vol 


Low-level output voltage 


V C c= 4.75V 
V|=o.8V, V| = 2V 


IOL=4mA 




0.25 


0.4 


V 


l L=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Co 


Vcc = 5.25V, V| = 2.7V 






20 


vA 


&]~A4. BT-B4 






40 


Co 


V CC =5.25V. V|=10V 






0.1 


mA 


AT-A4. BT-B4 






0.2 


IlL 


Low-level input current 


Co 


V C c = 5.25V. V| = 0.4V 






-0.4 


mA 


Ai~A4, Bi~B4 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V o =0V 


-20 




-100 


mA 


'cc 


Supply current 


Vcc = 5.25V, V|= 0V 




22 


39 


mA 


Vcc = 5.25V,V|= 0V,V| = 4.5V(Note3) 




19 


34 






V C c=5.25V, V| = 4.5V 




19 


34 



* : All typical values are at V cc = 5V, T a = 25°C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 

Note 3. I cc is measured with B^ ~ B 4 at OV and with all other inputs 4.5V. 
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4-BIT BINARY FULL ADDER WITH FAST CARRY 



SWITCHING CHARACTERISTICS (Voo=5V, T a =25T. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Cq to outputs 2i~24 


C|_-15pF (Note 4) 




12 


24 


ns 


tpHL 




13 


24 


ns 


tpLH ' 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs A]~A4 or Bi~B4 to outputs 2i~24 




9 


24 


ns 


tpHL 




11 


24 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Cq to output C4 




8 


17 


ns 


tpHL 




8 


22 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Ai~A4 or Bi~B4 to output C4 




8 


17 


ns 


tPHL 




8 


17 


ns 



Note 4. Measurement Circuit 



Vcc 



TIMING DIAGRAM (Reference level = 1.3V) 



c 


p 


? 


o 


PG 




DUT 





cnn ^ 




""£ 


1 


w 



Co. At ~A 4 
Eh~B 4 



f 



dzc L 



(1 ) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 6ns, 
t w = 500ns, V P = 3Vp. P , Z = 50ft. 

(2) C[_ includes probe and jig capacitance. 



APPLICATION EXAMPLE 

The accompanying diagram shows an N-number of 
M74LS283P devices connected in parallel for addition of an 
N-number of 4-bit inputs. Typical delay times for carry 
output in this circuit configuration are listed below. This 
figures indicates the suitability of this device for use in a 
high-speed adder employing the ripple-carry method. 

N = 1 (4 bits ) 10.5ns 

N=2 (8 bits) 21ns 

N=3 (12 bits) 31.5ns 

N=4 (16 bits) 42ns 

N=8 (32 bits) 84ns 



LEVELS 

OF 
DELAY 2. 

LEVELS " 

OF 
DELAY 3 



\ 



I 



\ 



Y 



J 



CARRY 
INPUT 
| M74LS283P 



INPUT< 




CARRY OUTPUT 



OUTPUT 
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DECADE COUNTER 



DESCRIPTION 

The M74LS290P is a semiconductor integrated cirucit 
containing an asynchronous decade counter function with 
direct reset and direct 9-set inputs. 

FEATURES 



Direct reset inputs provided 

Direct 9-set inputs provided 

Usable independently as binary and divide-by-5 counter 

High-speed counting (f m ax= 75MHz typical) 

Wide operating temperature range (T a = — 20~+75°C) 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and 
divide-by-5 counters. Clock input T x and output Qa are 
employed for use as a binary counter while clock input T 2 
and Qb, Qc and Qd are employed for use as a divide-by-5 
counter. When employed as a decade counter, Qa and T 2 
are connected and by making Tj the input, the BCD code 
output appears in outputs Qa, Qb, Qc and Qd. Counting is 
performed when Tj and T 2 are changed from high to low. 

The binary and divide-by-5 counters can be reset or set 
to 9 simultaneously by setting direct reset inputs Rdi and 
Rd2 and direct 9 set inputs Sd(9)i and Sd(9)2 high. For 
use as a counter, either Rdi or Rd2, or both, and Sd(9)i 
or SdO)2 , or both, are set low. 

Also provided is the M74LS90P with the same functions 
and electrical characteristics. This device differs only in. its 
pin configuration. 



PIN CONFIGURATION (TOP VIEW) 



DIRECT . 

9 SET S D (g)i -♦ |1 
INPUT v ; L- 



NC 



[I 



DIRECT ,— I 
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Ob^[T- 



NC 
GND 



[I 



-\j- 



Sd(9)1 
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RD2 
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n QA 

Qd 



T 



u\ Vcc 
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Outline 14P4 
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BLOCK DIAGRAM 
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FUNCTION TABLE iNoteii 



T 


Rdi 


Rdz 


Sd(9)1 


Sd(9)2 


Qa 


Qb 


Qc 


Qd 


X 


H 


H 


L 


X 


L 


L 


L 


L 


X 


H 


H 


X 


L 


L 


L 


L 


L 


X 


X 


X 


H 


H 


H 


L 


L. 


H 


1 


L 


X 


L 


X 


Count 


I 


X 


L ■ 


X 


L 


Count 


i 


L 


X 


X 


L 


Count 


i 


X 


L 


L 


X 


Count 



Note 1 '. 1 • Transition from high to low 
X ' Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta 



Count number 


Qa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 



( 1 ) Valid when Qa and T2 are connected and T1 is made the input 
-—20 h75*C, unless other wise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi. 


Input voltae 


Inputs T1 , T2 


-0.5-+5.5 


V 


Inputs Rd1. RD2. Sd(9)1, Sd(9)2 


-0.5- + 15 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 


* 


-20- +75 


"C 


Tstg 


Storage temperature range 




-65- + 150 


TJ 



RECOMMENDED OPERATING CONDITIONS (T a = -20~+75 , C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


j" A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~ + 75TJ, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2V, Ioh=-400M 


2.7 


3.4 




V 


Vol 


Low-level output voltate 


Vcc=4.75V 

V| = 0.8V, V|= 2 V 


Iol=4 mA(Note2) 




0.25 


0.4 


V 


Iql=8 mA(Note2) 




0.35 


0.5 


V 


Iih 


High-level 
input current 


RD1, RD2. Sd(9)1, Sd(9)2 


Vcc=5.25V. V| = 2.7V 






20 


A* A 


Ti 






40 


T 2 






80 


Ti 


Vcc = 5.25V, V| = 5.5V 






0.2 


mA 


T~ 2 






0.4 


RD1 . RD2. Sd(9)1 , Sd(9)2 


Vcc=5.25V, V|=10V 






0.1 


mA 


Iil 


Low-level 
input current 


Rdi. Rd2, S D (9)1, S D (9)2 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


fi 






-2.4 


T 2 






-3.2 


los 


Short-circuit output current (Note 3) 


V C c=5.25V, V = V 


-20 




-100 


mA 


Ice 


Supply current 


V C c= 5.25V (Note 4) 




9 


15 


mA 



* : All typical values are at Vcc^ 5 V, Ta = 25*0. 

Note 2: Output Qa should be tested with input T2 connected to output Qa- 

Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 4: Ice is measured with T, , T 2 , S D (9) , and S D ( 9 ) 2 at 0V after R Dl and R D2 have been set to 0V after 4.5V. 
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SWITCHING CHARACTERISTICS (vcc= 5 v 


, Ta = 25*C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency, 
from input T^ to output Qa 


Ci_=15pF (Note 5) 


32 


75 




MHz 


fmax 


Maximum clock frequency, 
from inputT^ to output Qb 


16 


30 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ti to output Qa 




7 


16 


ns 


tpHL 




8 


18 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tj> to output Qb 




15 


48 


ns 


tpHL 




16 


50 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T2 to output Qc 




7 


16 


ns 


tpHL 




8 


21 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation , 
time, from input Tito output Q D 




15 


32 


ns 


tpHL 




15 


35 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T1 to output Qd 




7 


32 


ns 


tpHL 




8 


35 


ns 


tpHL 


Low-to-high-level output propagation time, from inputs 

Sd(9)i. Sd(9)2 to outputs Qa, Qd 




17 


40 


ns 


tPLH 


High-to-low-level output propagation time, from inputs 
Sd(9) 1 , Sd(9)2 to outputs Q B , Q c 




10 


30 


ns 


tpHL 


High-to-low-level output propagation time, from inputs 
Rdi. Rd2 to outputs Qa.Qb. Qc. Qd 




14 


40 


ns 



Note 5: Measurement circuit 



jit 


INPUT 



Vcc 

? 


OUTPUT 









DUT 






PG 








z 










50 | 


1 


tU|_ 
r 



(1 ) The pusle generator (PG) has the following characteristics; 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns. 

Vp = 3V (? . Pl Zo = 50n. 

(2) Cl includes probe and jig capacitance 



TIMING 


REQUIREMENTS (v cc =5v, T a =25t: 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TiH) 


Clock input T1 high pulse width 




15 


6 




ns 


tw(TiH) 


Clock input T2 high pulse width 


30 


17 




ns 


tw(RD) 


Direct reset Rqi , Rd2 pulse width 


15 


5 




ns 


tw(SD) 


Direct 9 set Sd(9)1 , Sd(9)2 P u| se width 


15 


5 




ns 


tr 


Clock pulse rise time 




500 


100 


ns 


tf 


Clock pulse fall time 




200 


100 


ns 


trec(Ro) 


Recovery time Rqi , Rd2 to Ti , T2 . 


25 


8 




ns 


trec(SD) 


Recovery time Sd(9)1 , Sd(9)2 to Ti , T2 


25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

t\N(Tl.T2H) 



Tl.T 2 



Qa.0b.0c.Qd 



^-T - K 



tPHL 



Sd(9)1,Sd(9)2 



/ ^^ 



Tp^h| 





, tw(R D ) r 




Rdi,Rd2 2 


* S 


K 




»|trec 


T1.T2 






^ 


Qa.Qb.Qc.Qd 


tPHL 


k 


/ 









T1.T2 



Qb.Oc 



tw(Sp) 



"A 

tPHL V 



Sd(9)1.Sd(9)2 



T1T2 



Qa.Qd 



tw(sp) 



V 



/ 



\ 



/ 



tree 



\ 



\ 



tPLH 
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4-BIT BINARY COUNTER 



DESCRIPTION 

The M74LS293P is a semiconductor integrated circuit 
containing an asynchronous 4-bit binary (hexademical) 
counter function with direct reset inputs. 

FEATURES 

• Direct reset inputs provided 

• Usable independently as binary and octal counter 

• High-speed counting (fmax= 60MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and octal 
counters. Clock input T x and output Qa are employed for 
use as a binary counter while clock input T 2 and Q B/ Q c 
and Qd are employed for use as an octal counter. When 
employed as a hexadecimal counter, the pure binary code 
output appears in the Qa, Qb, Qc and Qd outputs by 
connecting Qa and T 2 and making T x the input. Counting 
is performed when Tj and T 2 change from high to low. 

The binary and octal counters can be reset simultane- 
ously by setting direct reset inputs Rdi and Rd2 high. For 
use as a counter, either Rdi or Rd2, or both, is set low. 
This pin has the same functions and electrical character- 
istics as the M74LS93P; only its pin configuration is 
different. 



PIN CONFIGURATION (TOP VIEW) 



NC [J 

NC DE 

NC [T 

Qc «- [T 

Ob 
NC 

GND [7 



E 



~w 





RD2 




Rdi 


Qc 
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Ti 




n Qa 
Qd 




I 



u] Vcc 

u] «- RD2I 
Tf] <-Rdv 
77] «- TT 
To] *-TT 

J\ -> Qa 
J] 



DIRECT RESET 
INPUTS 



CLOCK INPUT 
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Qd 



NC : NO CONNECTION 



BLOCK DIAGRAM 
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FUNCTION TABLE (nowd 



T 


Rdi 


RD2 


Qa 


Qb 


Qc 


Qd 


X 


H 


H 


L 


L 


L 


L 


i 


L 


H 


Count 


1 


H 


L 


Count 


1 


L 


L 


Count 



Note 1 I : Transition from high to low 
X ' Irrelevant 



ABSOLUTE MAXIMUM RATINGS 

(T a = — 20 — \-15°C, unless otherwise noted) 



Count number 


Oa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 


10 


L 


H 


,L 


H 


11 


H 


H 


L 


H 


12 


L 


L 


H 


H 


13 


H 


L 


H 


H 


14 


L 


H 


H 


H 


15 


H 


H 


H 


H 



Valid when Qa and T 2 are connected and T-| is made the input 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 


Inputs f~i\ T2 


-0.5-+5.5 


■V 


Inputs Rdi, Rd2 


-0.5-4-15 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


t 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20- + 75X:, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-400 


juA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~4-75r, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






v 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2V, loH=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=0.8V, V|= 2 V 


| L= 4mA(Note2) 




0.25 


0.4 


V 


Iol= 8mA(Note2) 




0.35 


0.5 


V 


Iih 


High-level input current 


Rdi, Rd2 


Vcc=5.25V, V| = 2.7V 






20 


M A 


Ti, T 2 






40 


T7, Ti" 


V C c=5.25V, V| = 5.5V 






0.2 


mA 


Rdi. Rd2 


Vcc=5.25V, V|=10V 






0.1 


IlL 


Low-level input current 


Rdi. RD2 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


tT 






-2.4 


T z 






-1.6 


los 


Short-circuit output current (Note 3) 


Vcc=5.25V, V = V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc= 5.25V (Note 4) 




9 


15 


mA 



* : All typical values are at V cc = 5V, Ta = 25°C. 

Note 2: Output Qa should be tested with input T 2 connected to output Qa- 

Note 3: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 4: l cc is measured with Tj" and TJat 0V after R D1 and R D2 have been set to OV after 4.5V. 
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SWITCHING CHARACTERISTICS (Vcc=SV, T a = 25T;, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


f max 


Maximum clock frequency, 
from input Tj to output Qa 


C L =15pF (Note 5) 


32 


60 




MHz 


fmax 


Maximum clock frequency, 
from input T2 to output Qb 


16 


35 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T1 to output Qa 




7 


16 


ns 


tPHL 




8 


18 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from inputTi to output Qd 




28 


70 


ns 


tPHL 




28 


70 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qb 




7 


16 


ns 


tPHL 




8 


21 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qc 




15 


32 


ns 


tPHL 




15 


35 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qd 




22 


51 


ns 


tPHL 




22 


51 


ns 


tPHL 


High-to-low-level output propagation time, from 
inputs Rqi , RD2 to outputs Q A , Qb. Qc. Qd 




17 


40 


ns 



TIMING REQUIREMENTS (Vcc= 5 V,Ta = 25C ( unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TiH) 


Clock input j] high pulse width 




15 


6 




ns 


tw(TiH) 


Clock input T2 high pulse width 


30 


15 




ns 


1 tw(Ro) 


Direct reset Rqi .. RD2 pulse width 


15 


5 




ns 


tr 


Clock pulse rise time 




500 


100 


ns 


tf 


Clock pulse fall time 




200 


100 


ns 


trec(RD) 


Recovery time R D lt R D2 to yi , T2 


25 


8 




ns 



Note 5: Measurement circuit 



Vcc 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(f~i.TzH) 





<; 


p 




f 
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50 Q^ 
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±C L 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3V P .p, Zo = 50n. 

(2) Cl includes probe and jig capacitance 
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4-BIT SHIFT REGISTER WITH 3-STATE OUTPUT 



DESCRIPTION 

The M74LS295BP is a semiconductor integrated circuit 
containing a 3-state output 4-bit serial/parallel input serial/ 
parallel output shift register function. 

FEATURES 

• Synchronous serial/parallel input-serial/parallel output 

• Right shift function 

• Left shift function available with external connection 
Mode control input provided 
Output control input provided 

Usable in AND-Tie connection (3-state output provided) 
Wide operating temperature range (T a = — 20~+75°C) 
High fan-out (l OL = 24mA, l OH = -2.6mA) 



APPLICATION 

General purpose, for use 
equipment. 



in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device is usable as a serial input-serial/parallel output 
and parallel input-serial/parallel output shift register with 
the mode control input M/C signal. When M/C is kept in 
low, the serial data are applied to serial data input Ds and 
the clock pulse is applied to clock input T, the serial data 
are shifted into outputs Q ~Q3 sequentially in synchroniz- 
ation with the clock pulse. When M/C is kept in high, the 
parallel data are applied to parallel data inputs D ~D 3 and 
the 1-bit clock pulse is applied to clock input T, the 

signals D ~D 3 appear in Q ~Q3 respectively. When T 
changes from high to low, the right shift or parallel data 
reading operation is performed. When M/C is kept in high, 



PIN CONFIGURATION (TOP VIEW) 



SERIAL _ 

DATA D s -* |1 
INPUT *— 

Do — U 

Di — [T 

D 2 -H 

D 3 -> [7 

MODE ,— 

CONTROL M/C -* 6 - 
INPUT 



PARALLEL 
DATA -< 
INPUTS 
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1 



Do Ds Qo 
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D 2 O2 
D 3 03 



PC 



14| V C c 
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12j ~*Qi 

> OUTPUTS 

n\ —02 
10]— Q 3 J 

T] ♦- T CLOCK INPUT 

Tj^oC OUTPUT 
I— ' CONTROL 



INPUT 



Outline 14P4 



Q 3 is connected with D 2 , Q2 with Dj and Qi with D , the 
serial data are applied to D 3 and the clock pulse applied to 
T, the left shift operation is performed. When low is applied 
to output control input OC, Qo~Q3 are put in the 
high-impedance state and AND-tie connection is enabled. 
Even when OC is changed, there are no effects on the shift 
and parallel data reading operations. When a low-level signal 
is applied to OC with an expansion in the bit number due 
to the high-impedance state and so shifting is disabled. In 
cases like this, the M74LS395AP with cascade output Q 3 ' 
is recommended. 
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FUNCTION TABLE i^te i) 



Function mode 


\ Input 


Output 


M/C 


T 


4 


Parallel Data 


Qo 


Qi 


Q2 


Q3 


Do 


Di 


D 2 


D 3 


Output hold 


H 


H 


x 


X 


X 


X 


X 


Qo° 


Qi° 


Q 2 ° 


Q3° 


Parallel read 


H 


1 


X 


Do 


Di 


D 2 


D 3 


Do 


Di 


D 2 


D 3 


Left shift 


H 


i 


X 


Qi + 


Q 2 + 


Q3+ 


D 3 


Q!° 


Q 2 ° 


Q3° 


D 3 


Output hold 


L 


H 


X 


X 


X 


X 


X 


0o° 


Qi° 


Q 2 ° 


Q3° 


Right shift 


L 


i 


H 


X 


X 


X 


X 


H 


Qo° 


0i° 


Q 2 


L 


i 


L 


X 


X 


X 


X 


L 


Qo° 


Qi° 


Q 2 



t 

QO 
X 



transition from low to high level (negative edge trigger) 

level of Q before the indicated steady-state input conditions were established 

irrelevant 

Dq and Qi , Di and Q2, and D2 and Q3 are connected externally and serial data are applied to D3 



High-impedance state when OC is low. 
ABSOLUTE MAXIMUM RATINGS (Ta=- 20- + 75TJ. unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vl. 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


■c 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75°C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


• oh 


High-level output current 


V h^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


V O l^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage , 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, V| = 0.8V 
V|=2V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| =0.8V, V|=2V 


•ol= 12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOZH 


Off-state high-level output current 


V C c=5.25V, V|=0.8V, V =2.7V 






20 


M A 


lOZL 


Off-state low-level output current 


V C c=5.25V, V|=0.8V, V iO =0.4V 






-20 


ma 


llH 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


M A 


V C c=5.25V, V| = 10V 






0.1 


mA 


ML 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


•os 


Short-circuit output current (Note 2) 


Vcc= 5.25V, V = V 


-30 




-130 


mA 


Ice 


Supply current 


Vcc= 5.25V (Note 3) 




20 


29 


mA 


leez 


Supply current, all outputs off 


V C C= 5.25V (Note 4) 




22 


33 


mA 



* : All typical values are at Vcc = 5V, Ta=25 C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 
Note 3: l cc is measured with D ~D 3 at 0V, D 5 , M/C and 0C at 4.5V after T has been set from 3V to 0V. 
Note 4: l cz is measured with D ~D 3# 0C and T at 0V and Ds and M/C at 4.5V. 
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SWITCHING CHARACTERISTICS (V C C=5V, Ta = 25X:. unless otherwise noted ) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 




30 


40 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qrj ~ Q3 


C L =15pF (Note 5) 




15 


20 


ns 


tPHL 




18 


30 


ns 


tpZH 


Output enable time to high-level 


R L =2kQ, C L =15pF (Note 5) 




14 


26 


ns 


tpZL 


Output enable time to low-level 


R L =2kQ, C L =15pF (Note 5) 




16 


30 


ns 


tpHZ 


Output disable time from high-level 


R L =2kQ, C L =5pF (Note 5) 




14 


20 


ns 


tPLZ 


Output disable time from low-level 


R L =2kQ, C L =5pF (Note 5) 




14 


20 


ns 



Note 5: Measurement circuit 



PG 



50Q| 



Vcc OUTPUT Vcc 

|Rl 
7swi 



j 



5kQ 
-M/V- 



±C L 



l 



SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3Vp. P , Z o = 50I2 

(2) All diodes are switching diodes (t rr •£ 4ns) 

(3) Cl includes probe and jig capacitance 



TIMING 


REQUIREMENTS (v cc =5v, Ta=25°c 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input T high pulse width 




25 


10 




' ns 


tsu(D) 


Setup time D to T 


20 


3 




ns 


tsu(M/C) 


Setup time M/C to T 


40 


20 




ns 


th(D) 


Hold time D to T 


20 


-1 




ns 


th(M/C) 


M/C hold time to T 





-10 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



Ds, Do 




Qo~Q3 



M/C 



^ {////M V 



tsU(M/C) th(M/C) 



tsU(M/C) th(M/C) 
|* — "H * > l 



V^\ 



Qo~Q3 



tPZL 
« — >■ 



"\. 



tpLZ 



*5 

0.5V* 



OC 



Qo~Q3 



tPZH 



/ 



tpHZ 




Note 6: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



2-324 



A MITSUBISHI 
I 



l ELECTRIC 



MITSUBISHI LSTTLs 

M74LS298P 

QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



DESCRIPTION 

The M74LS298P is a semiconductor integrated circuit 
which containing four 2-line to 1-line multiplexers provided 
with a temporary storage circuit with common selection 
input and clock input. 

FEATURES 

• One line data can be selected from 2-line data. 

• Equipped with D-type negative edge-triggered flip-flop. 

• Wide operating temperature range (T a = -20 ~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When the select input S A is low, data input D is 
selected, and when it is high, data input D-, is selected. 
When the clock input T changes from high to low, the 
selected data appears in the output Q. Since a D-type 
negative edge-triggered flip-flop is used as a temporary 
storage circuit, the status of Q does not change even if D is 
changed, whether T is high or low. 



PIN CONFIGURATION (TOP VIEW) 



DATA 
INPUTS 



■IT 
■E 



2D 
1D 

1D -*[T 
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Outline 16P4 



FUNCTION TABLE (NoteD 




T 


S A 


Do 


Di 


Q 


I 


L 


L 


X 


L 


i 


L 


H 


X 


H 


i 


H 


X 


L 


L 


i 


H 


X 


H 


H 



Notel: I : transition from high to low-level 
X ' irrelevant 



BLOCK DIAGRAM 
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QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75 e C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5--M5 


V 


V 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


° c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75'C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V h^2.7V 







-400 


MA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~--r-75'C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Vih 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c=4.75V, V| = 0.8V 
V|=2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 
V|=0.8V.V|=2V 


IOL = 4mA 




0.25 


0.4 


V 


loL=8mA 




0.35 


0.5 


V 


l|H 


High-level input current 


V C C=5.25V, V| = 2.7V 






20 


M A 


V C c=5.25V, V|=10V 






0.1 


mA 


hL 


Low-level input current 


Vcc = 5. 25V, V| = 0.4V 






-0:4 


mA 


los 


Short-circuit output current (Note 2) 


V C c^5.25V, V o = 0V 


-20 




-100 


mA 


Ice 


Supply current 


V C c=5.25V (Note 3) 




13 


21 


mA 



* : All typical values are at Vcc = 5 V, Ta = 25° C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

3: Ice is measured with Sa, 1D ~4Dj inputs grounded and a momentary 4.5V, then grounded, applied T input. 

SWITCHING CHARACTERISTICS ( V CC = 5 V, Ta = 25"C, -unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs 1 Q~4Q 


C L =15pF 

(Note 4) 




12 


27 


ns 


tPHL 




11 


32 


ns 



Note 4: Measurement circuit 



Vcc 



50 Q 



OUTPUT 
O 



^:C L 



Iff 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p, Z o = 50f2 

(2) Ci_ includes probe and jig capacitance. 
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TIMING 


REQUIREMENTS (v o=5v.T a =25-c 


, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input Thigh pulse width 




20 


7 




ns 


tw(TL) 


Clock input T low pulse width 


20 


4 




ns 


tf 


Clock pulse fall time 


15 







ns 


tsu(D) 


Setup time data input toT 


15 







ns 


tsu(s A ) 


Setup time Sa to T 


25 


5 




ns 


th(D) 


Hold time data input to T 


5 







ns 


th(S A ) 


Hold time Sa to T 





-2 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu(D) th(D) tsU(D) th(D) 



1D0-4D! 



1Q-4Q 



i 



Y. 



L 



7 



tw(TL) 



T 

* tw(T 



\ 



V. 



tPLH 



tsu(s A )th(s A ) tsu(s A ) th(s A ) 

-*K — =H 




1 



T 



\_r\ 



\ 



Note 5: The shaded areas indicate when the input is permitted to change for predictable output performance. 
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8-BIT UNIVERSAL SHIFT/STORAGE REGISTER 



DESCRIPTION 

The M74LS299P is a semiconductor integrated circuit 
containing an 8-bit serial/parallel input-parallel output shift 
register function equipped with 3-state outputs and direct 
reset input. 

FEATURES 

• Synchronous serial/parallel input-serial/parallel input 

• Right shift and left shift functions 

• Possible expansion of bit number 

• 3-state outputs 

• Common parallel input and output pins 

• Direct reset input 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The operational modes listed below can be selected by 
combining the mode control inputs M/Ci and M/C 2 . 

(1) Parallel read M/Ci : High; M/C 2 : High 

(2) Right shift M/Cj : High; M/C 2 : Low 

(3) Left shift M/Cj : Low; M/C 2 : High 

(4) Clock inhibit M/Cj : Low; M/C 2 : Low 
With parallel read, the 8-bit parallel data are applied to 

inputs/outputs Do/Qo~D 7 /Q 7 and when the clock input T 
changes from low to high, the data are stored in each of the 
respective flip-flops. 

With right shift, when the parallel data are applied to the 
right shift data input DSR, a shift is made one bit at a time 
from D /Qo to D 7 /Q 7 every time the clock input T 
changes from low to high. 

With left shift, when the parallel data are applied to the 



PIN CONFIGURATION (TOP VIEW) 

Vcc 



MODE . 

CONTROL M/Ci-^ll 
INPUT •— I 



OUTPUT f OCi-*[Fi m/i 

CONTROL { 3DOC 
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^ DATA INPUT 
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V7 OUTPUT 
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♦-D5/Q5 
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*— D1/Q1J 
♦-T 

*- D S R 



INPUTS/ 
OUTPUTS 



CLOCK INPUT 



RIGHT SHIFT 
DATA INPUT 



Outline 20P4 



left shift data input Dsl, a shift is made one bit at a time 
from D7/Q7 to D /Qo every time the clock input T 
changes from low to high. 

With clock inhibit, the flip-flop status does not change 
since the clock pulses are inhibited from being applied to 
the flip-flop. 

When one or both OCi and OC 2 are set high, all 
Do/Qo~D 7 /Q 7 outputs are put in the high-impedance 
mode "Z." The contents of the flip-flop do not change even 
if OCi and OC 2 are changed. 

When Rd is set low, all the flip-flops are set low 
irrespective of the status of the other inputs. 

Cascade outputs Q'o and Q' 7 are used for expansion of 
the respective bit numbers. Reference should be made to 
the typical application. 
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MODE CONTROL 
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FUNCTION TABLE (Noteii 



Operational mode 


Rd 


T 


M/Ci 


M/C 2 


D S R 


DSL 


ooj 


OC 2 


Do/Oo 


D1/01 


D2/02 


D3/Q3 


D4/Q4 


D5/05 


D S /06 


D7/Q7 


06 


07 


Direct reset 


L 


X 


L 


X 


X 


X 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


X 


X 


L 


X 


X 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


Right shift 


H 


T 


H 


L 


L 


X 


L 


L 


L 


Qo° 


Q1 


Q2 


Q3° 


Q4° 


Q 5 ° 


Q6° 


L 


Q6° 


H 


T 


H 


L 


H 


X 


L 


L 


H 


Qo° 


Qi° 


Q2 


Q3° 


Q4 


Q 5 ° 


Qe° 


H 


Q6° 


Left shift 


H 


T 


L 


H 


X 


L 


L 


L 


Ql° 


Q2 


03° 


Q4° 


Q 5 ° 


Q 6 ° 


Q7° 


L 


Qi° 


L 


H 


T 


L 


H 


X 


H 


L 


L 


Qi° 


Q2 


Q3° 


Q4° 


Q4° 


Q6° 


07° 


H 


01° 


H 


Parallel read 


H 


t 


H 


H 


X 


X 


L 


L 


Do 


D1 


D 2 


D 3 


D 4 


D 5 


D 6 


D 7 


Do 


D 7 


Clock inhibit 


H 


X 


L 


L 


X 


X 


L 


L 


Qo° 


Q1 


Q2 


Q3° 


Q4° 


Qs° 


Q 6 ° 


Q7° 


Qo° 


Q7° 


H 


L 


X 


X 


X 


X 


L 


L 


Qo° 


Qi° 


Q2 


Q 3 ° 


Q4 


Qs° 


Q6° 


Q7° 


Qo° 


Q7° 


Output inhibit 
/Do/Qo~D 7 /Q 7 areput\ 

in the high-impedance 
\ state / 


X 


X 


X 


X 


X 


X 


H 


L 


Z 


z 


Z 


Z 


z 


z 


Z 


z 


0o° 


07° 


X 


X 


X 


X 


X 


X 


L 


H 


z 


z 


z 


z 


z 


z 


Z 


Z 


Oo° 


07° 


X 


X 


X 


X 


X 


X 


H 


H 


z 


z 


z. 


z 


z 


z 


z 


Z 


0o° 


07° 



Note 1. Qn' 
X 

t 
Dn 

Z 



'■ level of Q before the indicated steady-state input conditions were established 
Irrelevant 

Transition from low to high (positive edge trigger) 

Do/Qo~D 7 /Q 7 function as inputs. Q' and Q' 7 are set to the same status as D and D 7 , respectively. 
High-impedance state. Status of flip-flops before D /Qo~D 7 /Q 7 were put in the high-impedance mode is held. 



ABSOLUTE MAXIMUM RATINGS (T a =-20~4-75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5— 4-15 


V 


Vo 


Output voltage 


D /Qo~D 7 /Q7 


Off-state 


-0.5-4-5.5 


V 


Qo, Ql 


High-level state 


-0.5~ + Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~--f75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level 
output current 


D /Qo~D 7 /Q7 


V h^2-4V 







-2.6 


mA 


Qo.Ql . • 


V h^2.7V 







-400 


uA 


lOL 


Low- 1 eve I 
output current 


Do/Qo~D 7 /Q 7 


Vol^04V 







\2 


mA 


V O L^0.5V 







24 


mA 


Qo,07 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C, unless otherwise noted) 



Symbol 








Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, l| =-18mA 






-1.5 


V 


Voh 


High-level 
output voltage 


Do/Qo~D 7 /Q7 


V C c=4.75V 
V|=0.8V, V|=2V 


Ioh=— 2.6mA 


2.4 


3.1 




V 


06, 07 


Ioh=— 400^A 


2.7 


3.4 




V 


Vol 


Low-level 
output voltage 


D /Qo~D 7 /Q7 


V C c=4.75V 

V|=0.8V 

V|=2V 


| 0L =12mA 




0.25 


0.4 


V 


| OL = 24mA 




0.35 


0.5 


V 


Qri, 07 


Iol= 4 nfiA 




0.25 


0.4 


V 


Iol= 8 mA 




0.35 


0.5 


v 


'OZH 


Off -state high-level 
output current 


D /Qo~D 7 /Q 7 


V C c=5.25V, V|=2V, V = 2.7V 






40 


juA 


'OZL 


Off-state low-level 
output current 


D /Qo~D 7 /Q 7 


V C C=5.25V, V|=2V, V O = 0.4V 






-400 


V* 


llH 


High-level 
input current 


D /Qo~D 7 /0 7 , M/C 1t M/.0 2 


V C C=5.25V, V|=2.7V 






40 


*A 


Onputs other then 
Do/Qo~D 7 /Q 7 , M/O1, M/0 2 






20 


//A 


Do/Oo~D 7 /Q 7 


V C c = 5.25V 


V|=5.5V 






100 


//A 


M/Oi,-M/0 2 . 


V|=10V 






200 


*A 


Onputs other then 
Drj/Qo~D 7 /Q 7 , M/d, M/C 2 






100 


//A 


hL 


Low- level 
input current 


M/Ci, M/C 2 


V C c=5.25V 
V|=0.4V 






-0.8 


mA 


Onput other then M/C1, M/C2 






-0.4 


mA 


los 


Short-circuit 
output current 


Do/Q ~D 7 /Q7 


V C c=5.25V 

v =ov 


-30 




-130 


mA 


Q6, 07 


-20 . 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V 




33 


53 


mA 



* : All typical values are at Vqc = 5V,Ta = 25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

Note 3: Ice is measured with inputs T and OC at 4,5V. 

SWITCHING CHARACTERISTICS (V C C=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Ci_-15pF(Note4) 


25 


28 




MHz 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time from input T to outputs 06. 07 




20 


33 


ns 


tpHL 




20 


39 


ns 


tpHL 


High-to-low-level output propagation time, 
from input Rq to outputs 0b. 0*7 




18 


40 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Tto inputs/outputs Drj/Qo~-D 7 /Q 7 


Ci_=45pF (Note 4) 




17 


25 


ns 


tpHL 




23 


39 


ns 


tpHL 


High-to-low-level output propagation time, 

from inputs Rp to inputs/outputs Drj/Qo~D 7 /Q7 




20 


40 


ns 


tpZH 


Output enable time to high-level 


R L =665Q, C|_=45pF (Note 4) 




12 


21 


ns 


tpZL 


Output enable time to low-level 


R L =665Q, C L =45pF (Note 4) 




15 


30 


ns 


tpHZ 


Output disable time from high-level. 


R L =665Q, C L = 5pF (Note 4) 




12 


15 


ns 


tpLZ 


Output disable time from low-level 


R L =665Q, C L = 5pF (Note 4) 




12 


15 


ns 



TIMING REQUIREMENTS (v o=.5V,Ta=25-c 


, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


13 




ns 


tw(TL) 


Clock input T.low pulse width 


20 


17 




ns 


tw(RoL) 


Direct reset input low pulse width 


20 


7 




ns 


tsufM/C) 


Setup time M/C1, M/C2 to T 


35 


18 




ns 


tsu(D) 


Setup time Dsr, DsL, D /Q ~D 7 /Q 7 to T 


20 


10 




ns 


th(M/C) 


Hold time M/d, M/C2 to T 


10 


-12 




ns 


th(D) 


Hold time Dsr, Dsl, d o/Oo~D 7 /07 to T 





- 5 




ns 


trec(R5) 


Recovery time Rpto T 


20 


15 




ns 
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Note 4: Measurement circuit 

INPUT Vcc 



"i i 



W 



Vcc OUTPUT Vcc 



DUT 



itr 



'SW1 

l < * >\ N H 

-WS/ 



:c L 



TIT 



7SW2 



Symbol 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tpHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz. t r = 6ns, t f = 6ns. t w = 500ns, 
Vp=3Vp.p,Z o =50ft 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance 



TIMING DIAGRAM 

tsu(M/C)th(M/C) 



M/Ci, 
M/C 2 



i 



Dsr. Dsl 



-.tsu(D) 



j: 



Qo. Qi 



JEW 



1 — \ 

c t W (-m) y 



tw(TL) 



I 



\ 



tPHL 



"^ 

^ 



r 



r 



tPLH 



D /Qo~D 7 /Q 7 






Rd 



Do/Qo~D 7 /Q7 
Qo, Qv 



OCi, OC 2 



D /Qo~D 7 /Q7 



D /Qo~D 7 /Q7 



tPHL 

Note 5: The shaded areas indicate when the input is permitted to change 
for predictable output performance. 

APPLICATION EXAMPLE 

The figure below shows the configuration of a 16-bit shift register using two M74LS299P devices. 
Similarly, an 8n-bit shift register can be configured with n ICs. 

D SL ■* : : 

Dsr -* 



M/Ci-*- 
M/C 2 -*- 



Rd ■ 
T ■ 
06 
Qis 



Jl. 



D SL OC, OC 2 



M74LS299P 



Dn D, D 2 D 3 D, D S D 6 Dy 
Rd Qo Vo ^1 ^2 "Q 3 ^4 "Qs ^e Vi Qi 



\ 



tw(RDL) 



:c 



tree (rd)_ 

■* — : — 5»j 



tPHL V 



iA_ 



T 



tpZH 



" A 



D SL OC,OC 2 



M74LS299P 



M/C 2 
M/C, 
T 

Dn Q, D 2 Da D^Ds, Db, D. 
Rd Qo "Qo <h V2 V3 V* Vs Ve 'Qi Q 7 



Dn D, D, Da, D4 Dc D* Dt, 
'Qo Vy -Vz ^3 Va 'tis -Q 6 Vi 



Ds D 9 D 10 D n Di2,Di3 D«D« 



V_jf 



tPLZ 



1 0.5V 
\T~50 .5V 



tPHZ 



-e-OC 
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DESCRIPTION 

The M74LS323P is sf semiconductor integrated circuit 
containing an 8-bit serial/parallel input/parallel output shift 
register function equipped with 3-state outputs and 
synchronous reset input. 

FEATURES 

• Synchronous serial/parallel input/serial/parallel input 

• Right shift and left shift functions 

• Possible expansion of bit number 

• 3-state outputs 

• Common parallel input and output pins 

• Synchronous reset input 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 



FUNCTIONAL DESCRIPTION 

The operational modes listed below can be selected 
combining the mode control inputs M/Ci and M/C 2 . 



PIN CONFIGURATION (TOP VIEW) 



MODE _. 

CONTROL M/Ci-* jl 
INPUT *— 

OUTPUT ( OCl -> [7 1 
CONTROL, 

inputs[ ocl— [T 

D6/CJ64-+ [T 
D 4 /Q4«-» |T 

D2/Q24- [T 

Do/Qo*-> [7 
Qo— [T 

RESET INPUT R -♦ [T 
GND [To 



MODE 
. . /0 CONTROL 
M/C2 INPUT 



LEFT SHIFT 
DATA INPUT 



INPUTS/ 
OUTPUTS 



CASCADE 
OUTPUT 



CASCADE 
OUTPUT 




DsR RIGHT SHIFT 
DATA INPUT 



Outline 20P4 



by 



(1) 


Parallel read 


M/Ci: 


High; 


M/C 2 


High 


(2) 


Right shift 


M/Cxi 


High; 


M/C 2 


Low 


(3) 


Left shift 


M/d : 


Low; 


M/C 2 


High 


(4) 


Clock inhibit 


M/Cj: 


Low; 


M/C 2 


Low 



With parallel read, the 8-bit parallel data are applied to 
inputs/outputs Do/Qo~D 7 /Q 7 and when the clock input T 
changes from low to high, the data are stored in each of the 
respective flip-flops. 

With right shift, when the parallel data are applied to the 
right shift data input Dsr, a shift is made one bit at a time 
from Do/Qo to D 7 /Q 7 every time the clock input T 
changes from low to high. 



With left shift, when the parallel data are applied to the 
left shift data input Dsl, a shift is made one bit at a time 
from D /Qo to D 7 /Q 7 every time the clock input T 
changes from low to high. 

With clock inhibit, the flip-flop status does not change 
since the clock pulses are inhibited from being applied to 
the flip-flop. 

When one or both OCi and OC 2 are set high, all 
D /Qo~D 7 /Q 7 outputs are put in the high-impedance 
mode "Z." The contents of the flip-flop do not change even 
if OCi and OC 2 are changed. 



BLOCK 
DIAGRAM 



MODE CONTROL INPUTS 



RESET INPUT R I 




Vcc 

~<26) 



RIGHT SHIFT n A> ' ^ 3~ 

RATA IMPIIT U SR VJ V 



DATA INPUT 



CLOCK INPUT T (12> 




^) D LEFT SHIFT 
±y SL DATA INPUT 



17) 07 



OUTPUT 






{13) (?) @ -® — @ ® @ @ 



Do/q D 1 /q 1 D 2 /q 2 D3/q 3 D 4 /q 4 D^/q 5 D^/q 6 D 7 /q 7 GND 
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When R is set low if T is changed from low to high, all 
the flip-flops are set low. 

Cascade outputs Q'o and Q' 7 are used for expansion of 



the respective bit numbers. Reference should be made to 
the application example. 



FUNCTION TABLE (Note n 



Operational mode 


R 


,T 


M/Ci 


M/C 2 


D S R 


D S L 


ocT 


OC 2 


Do/Oo 


D1/01 


D2/02 


D3/Q3 


D4/Q4 


D5/05 


D 6 /06 


D7/Q7 


Oo 


07 


Reset 


L 


T 


L 


X 


X 


X 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


T 


X 


L 


X 


X 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


Right shift 


H 


T 


H 


L 


L 


X 


L 


L 


L 


Qo° 


Qi° 


Q2° 


Q3° 


Q4° 


Q5° 


Q 6 ° 


L 


Q 6 ° 


H 


T 


H 


L 


H 


X 


L 


L 


H 


Qo° 


Qi° 


Q2° 


Q3° 


Q4° 


Q5° 


Q 6 ° 


H 


Q 6 ° 


Left shift 


H 


r 


L 


H 


X 


L 


L 


L 


Qi° 


Q2 


Q3° 


Q4° 


Q 5 ° 


Q 6 ° 


07° 


L 


Ql° 


L 


H 


T 


L 


H 


X 


H 


L 


L 


Qi° 


Q2 


03° 


Q 4 ° 


Qs° 


Q6° 


Q7° 


Q 


Qi° 


H 


Parallel read 


H 


t 


H 


H 


X 


X 


L 


L 


Do 


D1 


D 2 


D 3 


D 4 


D 5 


D 6 


D 7 


Do 


D 7 


Clock inhibit 


H 


X 


L 


L 


X 


X 


L 


L 


Qo° 


Qi° 


Q2 


Q 3 ° 


Q4° 


Q 5 ° 


06° 


Q 7 ° 


Qo° 


Q7° 


H 


L 


X 


X 


X 


X 


L 


L 


Qo° 


Qi° 


02° 


Q3° 


Q4° 


Qs° 


Q6° 


Q7° 


Qo° 


Q 7 ° 


Output inhibit 
/DO/Qo~D 7 /Q 7 are put \ 

in the high-impedance 
\ state ) 


X 


X 


X 


X 


X 


X 


H 


L 


Z 


z 


Z 


z 


z 


Z 


z 


z 


Oo° 


7 ° 


X 


x- 


X 


X 


X 


X 


L 


H 


z 


z 


Z 


z 


z 


Z 


z 


z 


Oo° 


07° 


X 


X 


X 


X 


X 


X 


H 


H 


z 


z 


z 


z 


z 


z 


z 


z 


Oo° 


Q7° 



Note 1 Qn° : level of Q before the indicated steady-state input conditions were established 

X I Irrelevant 

I : transition from low to high (positive edge trigger) 

Dn : D /Qo~D 7 /Q 7 were put in the high-impedance mode is held. 

Z : High-impedance state. Status of flip-flops before D /Q 7 ~D 7 /Q 7 were put in the high-impedance mode is held. 



ABSOLUTE MAXIMUM RATINGS (Ta= -20~ + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


D /Qo~D 7 /Q 7 


Off-state 


-0.5- + 5.5 


V 


Q'o, Ql 


High-level state 


-0.5 -Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65--M50 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75-C, unless otherwise noted) 



Symbol 








Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level 
output current 


Do/Qo~D 7 /07 


V h^2.4V 







-2.6 


mA 


06, Q7 


V H^2.7V 







-400 


vA 


lOL 


Low-level 
output current 


D /Oo~D 7 /07 


V O l^0.4V 







12 


mA 


V O L^0.5V 







24 


mA 


Oo, 07 


Vol^0-4V 







4 


mA 


Vql^0.5V 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta = -2c 


— I- 75°C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


VOH 


High-level 
output voltage 


D /Oo~D 7 /07 


Vcc=4.75V 
V|=0.8V, V|=2V 


l0H = — 2.6mA 


2.4 


3.1 




V 


Q6, 07 


l0H = — 400^A 


2.7 


3.4 




V 


Vol 


Low-level 
output voltage 


D /Qo~D 7 /Q7 


V C C=4.75V 

V|=0.8V 

V|=2V 


IOL = 12mA 




0.25 


0.4 


V 


lpL=24mA 




0.35 


0.5 


V 


Q6. 0i 


IOL = 4 mA 




0.25 


0.4 


V 


l0L= 8 mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


D /Oo~D 7 /Q7 


V C c = 5.25V, V|= 2V,V = 2.7V 






40 


*A 


l0ZL 


Off-state low-level output current 


D /Oo~D 7 /Q7 


Vcc = 5.25V, V|=2V, V = 0.4V 






-400 


U A 


l|H 


High-level 
input current 


D /Qo~D 7 /Q7, M/O1. M/C 2 


V C c=5.25V, V|=2.7V 






40 


*A 


Input other then 
D /Qo~D 7 /Q7, M/Oi, M/C 2 






20 


*A 


D0/Q0--D7/Q7 


V CC =5.25V 


V|=5.5V 






100 


//A 


M/Ci,M/C 2 


V|=10V 






200 


A*A 


Inputs other then 
D /Oo~D 7 /07, M/O1, M/C 2 






100 


A/A 


IlL 


Low-level 
input current 


M/C 1f M/C 2 


Vco=5.25V 
V|=0.4V 






-0.8 


mA 


Inputs other then M/C-|, M/C 2 






-0.4 


mA 


los 


Short-circuit 
output current 
(NoteD 


D /Oo~D 7 /07 


V C c = 5.25V 
V = V 


-30 




-130 


mA 


Qo.'Of . 


-20 




-100 


mA 


Ice 


Supply current 


V C c=5.25V (Note 2) 




33 


53 


mA 



* : All typical values are at V cc = 5V,Ta = 25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with inputs T and OC at 4.5V.. 

SWITCHING CHARACTERISTICS (Vcc=5V. Ta = 25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 4) 


25 


28 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Q'q, Qj 




20 


33 


ns 


tpHL 




20 


39 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T~to inputs/outputs Drj/Qrj — D 7 /Q 7 


C L = 45pF {Note 4) 




17 


25 


ns 


tpHL 




23 


39 


ns 


tpZH 


Output enable time to high-level 


Rl_ = 665Q, Ci_=45pF (Note 4) 




12 


21 


ns 


tpZL 


Output enable time to low-level 


Rl = 665Q, C|_=45pF (Note 4) 




15 


30 


ns 


tpHZ 


Output disable time from high-level 


R|_ = 665Q, Ci_=5pF (Note4) 




12 


15 


ns 


tpLZ 


Output disable time from low-level 


Rl_=665&, C|_= 5 pF (Note4) 




12 


15 


ns 



TIMING REQUIREMENTS (v cc =5v, Ta=25-c, 


unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




30 


13 




ns 


tw(TL) 


Clock input T low pulse width 


30 


17 




ns 


tsu(M/C) 


Setup time M/C1, M/Q2 to T 


35 


18 




ns 


tsu(D) 


Setup time Dsr, Dsl. Do/Oo~D 7 /0 7 to T 


20 


10 




ns 


tsu(R) 


Setup time R to T 


30 


23 




ns 


th(M/c) 


Hold time M/Cl M/C 2 to T 


1° 


-12 




ns 


th(D) 


Hold time Dsr, Dsl. Drj/Qo~D 7 /Q 7 to T 





- 5 




ns 


th(R) 


Recovery time R to T 





- 8 




ns 
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Note 4: Measurement circuit 

INPUT Vcc OUTPUT 

9 9 



~i I 



~w 



INPUT 




PG 



50 Q 



Vcc 



OUTPUT Vcc 



1JT 



/SW1 



5kQ 



: t 0l 
irr 



7SW2 



Symbol 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tpHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P = 3V P .p, z = 5oa 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 

tsu (M/C) th (M/C) t S u(M/C) th(M/C) 



M/Ci, 
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!2z 



a. 



/tsu(D) 

-7 r* — > 



tw(TL) 






x 



tPHL 



\\\ D /Qo~D 7 /Q7 

3W 



tpLH 



Note 5: The shaded areas indicate when the input is permitted to change 
for predictable output performance. 



OCi, OC 2 



Do/Qo~D 7 /Q7 
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tPLZ 
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zSo- 
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APPLICATION EXAMPLE 

The figure below shows the configuration of a 16-bit shift register using two M74LS323P devices. 
Similarly, an 8n-bit shift register can be configured with n ICs. 



Dsl *- 

Dsr *- 



M/Ci* 
M/C 2 * 



R *- 
T ->- 
QO ^e- 
Ql5-*- 



fi 



M/C 2 
M/C, 

T 



D S r D sl OC,OC 2 

M74LS323P 



Dn D, D 2 Da D t Ds, D 6 D 7 
R Qo Vo 'Qi "Qz ^2 -Va -Vb "4 ^7 Q 7 



OC, OC 2 



M/C 2 ° SR 

M/ °i M74LS323P 

T 

Do, Dy D» D3, D V D > D <y °> 
R Qo "Qo <h Vz Vz Vi Vs V& ^i Q 7 



Dn D, D, D3, D4 Dc D, Dt, 
'Qo ^1 'Qz "Q3 "Q4 "Qs -Q 6 'Q? 



/* /i >i /. ,\ 



D« D 9 D, .D n Do D13 D, 4 U, 5 
'Qs ^9 ^10 ^ 1 thz ths'Q^l 0^5 



-OC 
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M74LS352P 

DUAL 4-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 

WITH STROBE (INVERTED) 



DESCRIPTION 

The M74LS352P is a semiconductor integrated circuit 
containing two 4-line to 1-line data selector/multiplexer cir- 
cuits. 

FEATURES 

• Inverted outputs provided 

• Strobe inputs provided independently for each circuit 

• Selection inputs common to both circuits 

• Low output impedance 

• Wide operating temperature range (T a =— 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has two data selector circuits which provide 1-line 
selection of 4 input signals and two multiplexer circuits 
which convert the 4-bit parallel data into serial data 
with time-sharing. When 4-line signals are applied to the 
data inputs D ,D lr D 2 and D 3 and 1 data is specified 
from among the data by selection inputs Sa and 
Sb, the input signal is output at Y. By applying 
4-bit parallel data to D 0# D it D 2 and D 3r and con- 
necting a synchronous divide-by-4 counter output to Sa 
and S B , the D , D lf D 2 and D 3 data appear in the order of 
D , lt D 2 and D 3 synchronized with the clock pulse. S A 
and S B are common to both circuits whilejtrobe inputs 1G 
and 2G are independent. When 1G and 2G are set high, 1Y 
and 2Y are set high irrespective of the status of the input. 



PIN CONFIGURATION (TOP VIEW) 



strobe - _^ rr 
INPUT 1(j LL 

SE LECTION Cr , _► [J 



A/ 




Outline 16P4 



FUNCTION TABLE (Note d 








Sb 


Sa 


Do 


Di 


D 2 


D 3 


~G 


V 


X 


X 


X 


X 


X 


X 


H 


H 


L 


L 


L 


X 


X 


X 


L 


H 
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L 


X 


X 


H 


X 
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H 


L 
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Note 1 X '> Irrelevant 



BLOCK DIAGRAM 
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DUAL 4-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 

WITH STROBE (INVERTED) 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75TC, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 


1 


-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


t 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


Vqh^2.7V 







-400 


UA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75lC, unless otherwise noted ) 



* : All typical values are at V CC =5V, T a =25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

Note 3: Ice is measured with all inputs at 0V. 

SWITCHING CHARACTERISTICS (Vcc= 5 V, Ta = 25C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c=4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2 V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V|=2V 


Iol = 4 mA 




0.25 


0.4 


V 


Iol= 8 mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c=5.25V ( V| = 2.7V 






20 


ma 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c= 5.25V, V = V 


-20 




-100 


mA 


lec 


Supply current 


Vcc= 5.25V (Note 3) 




6.2 


10 


mA 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do ~ D3 to output 


C L =15pF (Note 4) 




7 


20 


ns 


tpHL 




7 


26 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa, Sb to output Y~ 




9 


29 


ns 


tpHL 




14 


38 


ns 


tpi_H 


Low-to-high-level ', high-to-low-level output propagation 
time, from input G to output Y 




8 


24 


ns 


tpHL 




13 


32 


ns 



Note 4: Measurement circuit 



Vcc 





c 


p 


c 


I 









DUT 




PG 












5ogi 


rJ 


7 


rh 



Cl 



(1 ) The pulse generator (PG) has the 
following characteristics: 
PRR=1MHz, t r =6ns, tf=6ns, t w =500ns, 
V P =3VpLp,Z o = 50n. 

(2) Cl includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 
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M74LS353P 

DUAL 4-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 
WITH 3-STATE OUTPUT (INVERTED) 



DESCRIPTION 

The M74LS353P is a semiconductor integrated circuit 
containing two 4-line to Mine data selector/multiplexer 
circuits and 3-state outputs. 



FEATURES 

• Inverted outputs provided 

• Output control inputs separate for each circuit 

• Selection inputs common to both circuits 

• 3-state outputs 

• Wide operating temperature range (T a =— 20~+75°C) 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This IC has two data selector circuits which provide 1-line 
selection of 4 input signals two multiplexer circuits which 
convert the 4-bit parallel data into serial data by time- 
sharing. When 4-line signals are applied to the data inputs 
D , Dj , D 2 and D 3 , and 1 data is specified from among the 
data input by selection inputs Sa and Sb, the input signal 
is output at Y. By applying 4-bit parallel data to data inputs 
D , D lf D 2 and D 3 and by connecting the output of a 
synchronous divide- by-four counter to S A and S B , data D 0/ 
Dj, D 2 and D 3 appear in the order of D , D lf D 2 and D 3 , 
synchronized with the clock pulse. S A and S B are common 
to both circuits while output control inputs 10C and 20C 
are separate. When 10C and 20C are set high, 1 Y and 2Y 
are put in the high-impedance state ("Z") irrespective of 
the status of the inputs. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT , . 

CONTROL 10C-* IT 

INPUT ' — ■ 

SELECTION o _♦ rT 

INPUT ° B L=- 



■v 
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__ OUTPUT 

151 «- 20C CONTROL 

— ' INPUT 
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I— ■ INPUT 
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INPUTS 



Outline 16P4 



Note 1 X '. Irrelevant 

Z '■ High-impedance state 



FUNCTION TABLE (Note D 
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BLOCK DIAGRAM 
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10C 1°o 1D 
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1D 2 1D 3 
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M74LS353P 



DUAL 4-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER 
WITH 3-STATE OUTPUT (INVERTED) 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~-f75^C, unless otherwise noted ) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


"C 


Tstg 


Storage temperature range 




-65- + 150 


■c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75r, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage ^ 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V h^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75'C > unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic ' 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V|= 2 V, Ioh= -2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 

V| = 0.8V, V|= 2 V 


Iol= 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


lOZH 


Off -state high-level output current 


Vcc=5.25V, V|= 2 V, V =2.7V 






20 


M A 


lOZL 


Off-state low-level output current 


Vcc=5.25V, V|= 2 V, V O =0.4V 






-20 


m a 


llH 


High-level input current 


Vcc=5.25V, V| = 2.7V 






20 


fiA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


ios 


Short-circuit output current (Note 2) 


Vcc=5.25V, V = V 


-30 




-130 


mA 


ICCL 


Supply current, all inputs low 


Vcc=5.25V (Note 3) 




7 


12 


mA 


iccz 


Supply current, all outputs off 


Vcc=5.25V (Note 4) 




8.5 


14 


mA 



* : All typical values are at Vcc= 5 V, Ta =25*0 

Note 2: All measurements should be done quickly and not more than one output should 

be shorted at a time. 
Note 3: Iqcl is measured with all inputs at 0V. 
Note 4: Iccz is measured with 10C and 200 at 4.5V and all other inputs at 0V. 



SWITCHING CHARACTERISTICS (v cc = sv, 


Ta = 25*0 , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Do ~ D3 to output Y* 


C L =15pF (Note 5) 




9 


25 


ns 


tpHL 




6 


20 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from inputs Sa, Sb to output Y 




14 


45 


ns 


tpHL 




14 


32 


ns 


tpZH 


Output enable time to high-level 


R|_= 2 kQ , Cl= 15pF (Note 5) 




14 


23 


ns 


tpZL 


Output enable time to low-level 


R L = 2 kQ , C L = 15pF (Note 5) 




15 


23 


ns 


*PHZ 


Output disable time from high-level 


R L = 2kQ, C L = 5 pF (Note 5) 




14 


41 


ns 


tpLZ 


Output disable .time from low-level 


R L = 2kQ, C L = 5 pF (Note 5) 




9 


27 


ns 
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M74LS353P 

DUAL 4-LINE TO 1-LINE DATA SELECTOR /MULTIPLEXER 
WITH 3-STATE OUTPUT (INVERTED) 



Note 5: Measurement circuit 
INPUT 



PG 



50Q3 



Vcc OUTPUT Vcc 



:Rl 



7SW1 
'H * H U H 



5kQ 
-AAAr- 



=?C L 



1 



SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR=1MHz, t r =6ns, t f =6ns, t w =500ns, V P =3V P .p, Z = 50ft. 

(2) All diodes are switching diodes. 

(3) Cl includes probe and jig capacitance 



TIMING DIAGRAM (Reference level = 1.3V) 
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M74LS36SAP 

HEX BUS DRIVER WITH 3-STATE OUTPUT 



DESCRIPTION 

The M74LS365AP is a semiconductor integrated circuit 
containing 6 buffers with 3-state outputs and is provided 
with output control inputs OCi and OC 2 , which are 
common to six circuits. 

FEATURES 

• Provided with output control inputs common to 6 
circuits 

• High fan-out Ool = 24mA, l H = -2.6mA) 

• High breakdown input voltage (V| ^ 15V) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When OCi and OC 2 are both low, high appears at the 
output Y if input A is high and low appears if A is low. 

When either OC^ or OC 2 or both are high, Y is put in 
the high-impedance state irrespective of the status of A. For 
this reason, this device is most suitable for use as a bus line 
driver. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT ^- ry 
CONTROL uu 1-^ LL 
INPUT 
INPUT 1A — ► |T- 

OUTPUT 1Y «- [T 
INPUT 2A -> [T- 

OUTPUT 2Y «- |T - 
INPUT 3A -> [?- 

OUTPUT 3Y *- [7- 
GND [T 



_J — "^£~ 



Vcc 



m 

_-. OUTPUT 

15] «- 0C 2 CONTROL 
INPUT 

U\ «— 6A INPUT 

T3] -► 6Y OUTPUT 

U\ *- 5A INPUT 

TT| -*- 5Y OUTPUT 

U)] «- 4A INPUT 

"T\ -* 4Y OUTPUT 



Outline 16P4 



FUNCTION TABLE (Kioten 



ocT 


oci 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


z 



Note 1: X : irrelevant 

Z : high-impedance 



CIRCUIT SCHEMATIC (EACH BUFFER) 



12k< 



OC1O— pT^ 



OUTPUT 
CONTROL^ 
INPUTS 



Si- 



12kf 



OC 2 



INPUT A O- 



-Jt- 



■d*- 



■c 



-ic^n 



3kJ 




c ^ 



< 



7k< 3.1k< 



7 



r — ££ 



50< 



Si- 



24k4 



J^ 1.4k] nJ 



■K 



-^-THE OTHER BUFFERS 



-OVcc 



)Y OUTPUT 



-OGND 

UNIT : Q. 
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M74LS365AP 



HEX BUS DRIVER WITH 3-STATE OUTPUT 



ABSOLUTE MAXIMUM RATINGS (T a =-20~+75'C, unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


V 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65~ + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a 



-20 — h 75°C , unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (T a =-20~4-75°C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V 
V| = 2V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage i- 


V C c=4.75V 
V|=0.8V 


IOL=12mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc = 5.25V, V|(OC) = 2V, V = 2.4V 






20 


uA 


l0ZL 


Off-state low-level output current 


V C c=5.25V, V|(OC) = 2V, V O = 0.4V 






-20 


juA 


llH 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


uA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


OC 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


A 


V CC = 5. 25 V 


V|(OX) = 0.4V 
V|=0.4V 






-0.4 


mA 


V|(OC)= 2V 
V|=0.5V 






-20 


MA 


los 


Short circuit output current (Note 2). 


Vcc=5.25V, V O = 0V 


-40 




-225 


mA 


Ice 


Supply current 


Vcc = 5.25V, V| = 0V, V|(OC)=4.5V 




14 


24 


mA 



* : All values are at Vcc = 5V, T a = 25"C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS(Vcc=5v, 


Ta = 25°C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input A to output Y ^ 


C L =45pF 
< Note 3) 




7 


16 


ns 


tpHL 




10 


22 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L = 45pF\ (Note 3) 




13 


35 


ns 


tpZL 


Output enable time to low-level 


R L = 667Q, C L =45pF (Note 3) 




15 


40 


ns 


tpHZ 


Output disable time from high-level 


R L = 667Q, Ci_=5pF (Note3) 




13 


30 


ns 


tPLZ 


Output disable time from low-level 


R L = 667Q, C L = 5pF (Note 3) 




16 


35 


ns 
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HEX BUS DRIVER WITH 3-STATE OUTPUT 



Note 3: Measurement circuit 



TIMING DIAGRAM (Reference level = 1.3V) 



50Q : 



Vcc OUTPUT Vcc 



DUT 



W 



7SW1 



5kQ 
—VNAr- 



ZpC L 
77T 



f 



r 



tPHL 



Symbol 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


tpLZ 


Closed 


Closed 


tpHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, i r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p,Z o = 50n. 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance 



OC 



\ / 



\ 



tpLZ 



~f0.5V 
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tpZH 



\7~T0.5V 
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DESCRIPTION 

The M74LS366AP is a semiconductor integrated circuit 
containing 6 buffers with 3-state outputs and is provided 
with output control inputs OCj and 0C 2 , which are 
common to six circuits. 

FEATURES 

• Provided with output control inputs common to 6 
circuits 

• High fan-out Ool = 24mA, Ioh = -2.6mA) 

• High breakdown input voltage (V| ^ 15V) 

• Wide operating temperature range (T a = -20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

When OCi and OC 2 are both low, low appears in the 
output Y if input A is high and high appears if A is low. 
When either OCi or OC 2 both are high, all outputs Y are 
put in the high-impedance state irrespective of the status of 
A. For this reason, this device is most suitable for use as a 
bus line driver. 



PIN CONFIGURATION (TOP VIEW) 



CONTROL OOf-* [T 



OUTPUT 

INTROL 

INPUT 

INPUT 1A -± [J 

OUTPUT 1Y *- [T 

INPUT 2A -► [T 

OUTPUT 2Y 4- [T 

INPUT 3A -+ |T 

OUTPUT 3Y 4- [7 

GND [T 




Vcc 



H 

_ OUTPUT 

T5| «- OCi CONTROL 

— ' INPUT 

U\ «- 6 A INPUT 

13] -> 6Y OUTPUT 

JU «- 5A INPUT 

TT] -* 5Y OUTPUT 

To] 4_ 4A INPUT 

T| — ► 4Y OUTPUT 



Outline 16P4 



FUNCTION TABLE (Note 1) 



ocT 


ocl 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


Z 



Note 1 : X : irrelevant 

Z I high-impedance 



CIRCUIT SCHEMATIC (EACH BUFFER) 



OC1O— T-Q 



OUTPUT 

CONTROL-^ 

INPUTS 



-M- 



12k2 



OC2O — r-T 



INPUT AO- 



-ft- 



4k< 



-c 



3k 




< 



17k: 



2.7k-< 



C 



> 



-w 2 - 



< 



S+- 



"^T< 



24k 




< 



2.3k 



-THE OTHER BUFFERS 
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-OGND 

UNIT I Q, 



2-344 



A MITSUBISHI 
E 



l ELECTRIC 



MITSUBISHI LSTTLs 

M74LS366AP 

HEX BUS DRIVER WITH 3-STATE OUTPUT (INVERTED) 



ABSOLUTE MAXIMUM RATINGS (Ta = -20- + 75°C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~ + 75'C, unless otherwise noted.) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20- + 75'C. unless otherwise noted ) 



* : All values are at Vcc = 5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc=4.75V, V| = 0.8V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V| = 2V 


IOL=l2mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOZH 


Off-state high-level output current 


Vcc=5.25V, V|(OC)=2V, V =2.4V 






20 


^A 


'OZL 


Off-state low-level output current 


Vcc=5.25V, V|(OC)=2V, V O = 0.4V 






-20 


MA 


llH 


High-level input current 


Vcc=5.25V, V|=2.7V 






20 


vA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


OC 


Vcc=5.25V, V,=0.4V 






-0.4 


mA 


A 


V C C=5.25V 


V|(OC)=0.4V 
V|=0.4V 






-0.4 


mA 


V|(OC)= 2V 
V|=0.5V 






-20 


^A 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O = 0V 


-40 




-225 


mA 


ice 


Supply current 


Vcc=5.25V, V|=0V, V|(OC)=4.5V 




12 


21 


mA 



SWITOHING CHARACTERlSTICS(v C c=5V, 


Ta = 25°C, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L = 45pF 
(Note 3) 




7 


15 


ns 


tpHL 




7 


18 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L =45pF (Note3) 




10 


35 


ns 


tpZL 


Output enable time to low-level 


Rl=667Q, C L = 45pF (Note 3) 




18 


45 


ns 


tpHZ 


Output disable time from high-level 


R L = 667Q, C L =5pF (Note3) 




13 


32 


ns 


tPLZ 


Output disable time from low-level 


Rl = 667Q, C L =5pF (Note3) 




14 


14 


ns 
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Note 3: Measurement circuit 

INPUT Vcc 



PG 



5oq: 



W 



TIMING DIAGRAM (Reference level = 1.3V) 



OUTPUT Vcc 



7SW1 

K * W> l 



5kQ 
-Wv- 



=pc L 

W 



r 



\ / 



Symbol 


SW1 


SW2 


tpZH 


Open 


Closed 


tpzL 


Closed 


Open 


t PLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



OC 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p, Z o = 50n. 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance. 
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■* ■»■ 



tPLH 
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DESCRIPTION 

The M74LS367AP is a semiconductor integrated circuit 
constaining 6 buffers with 3-state output and is provided 
with output control inputs 10C and 20C, which are 
common to 4 circuits and 2 circuits, respectively. 

FEATURES 

• Provided with output control inputs common to 4 
circuits and 2 circuits. 

• High fan-out 

• High breakdown input voltage 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When OC is low, high appears in the output Y if input A is 
high, and low appears if A is low. When OC is high, Y is put 
in the high-impedance state irrespective of the status of A. 
For this reason, this device is most suitable for use as a bus 
line driver. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT . , 

CONTROL 10C -► |1 

INPUT "— 

INPUT 1Ai -♦ |T 

OUTPUT 1Yi 4- ry 

INPUT 1A 2 -> n 

OUTPUT 1 Y 2 4- [][ 

INPUT 1A 3 — ► [j[ 

OUTPUT 1Y 3 «- [7 

gnd n[ 




iU Vcc 

— , OUTPUT 

15l -• — 20C CONTROL 
INPUT 

U\<— 2A 2 INPUT 

13] -♦ 2Y 2 OUTPUT 

]|] *- 2Ai INPUT 

IT] -* 2Y, OUTPUT 

J0]<- 1A 4 INPUT 

"9] -♦ 1Y 4 OUTPUT 



Outline 16P4 



FUNCTION TABLE (NoteD 



OC 


A 


Y 


L 


L 


L 


L 


H 


H 


H 


X 


Z 



Note 1: X : irrelevant 

Z I high-impedance 



CIRCUIT SCHEMATIC (EACH BUFFER) 



12ki 



OUTPUT 
CONTROL OC ( 
INPUT 



nK 



7k f 



INPUT A O- 



■*■ 



< 



4k^ 



#■ 




17k k 



< 



*■ 



? 



7k^ 3.1k 

r 




OVcc 



^—- 1 



r2.3k 



-OGND 
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ABSOLUTE MAXIMUM RATINGS (T a =-20~+75-C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5-+15 


V 


v 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~-f 75°C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta 



-20 — h 75°C , unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C C=4.75V, l| C =-18mA 






—1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V| = 0.8V 
V| = 2V, loH=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


Vcc =4. 75V 
V| = 0.8V 


l0L=12mA 




0.25 


0.4 


V 


loL=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc=5.25V, V|(OC) = 2V, V =2.4V 






20 


fiA 


l0ZL 


Off-state low-level output current 


V C C=5.25V, V|(OC) = 2V, V O =0.4V 






-20 


uA 


llH 


High-level input current 


V C c=5.25V, V|=2.7V 






20 


juA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


OC 


V C c = 5.25V, V|=0.4V 






-0.4 


. mA 


A 


V C c = 5.25V 


V|(OC) = 0.4V 
V|=0.4V 






-0.4 


mA 


V|(OC)= 2V 
V|=0.5V 






-20 


MA 


'os 


Short-circuit output current 


V C c=5.25V, V O =0V 


-40 




-225 


mA 


Ice 


Supply current 


Vcc=5.25V, V| = 0V, V|(OC)=4.5V 




14 


24 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (V C C=5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Lwo-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L = 45pF 

(Note 3) 




7 


16 


ns 


tpHL 




10 


22 


ns 


tpZH 


Output enable time to high-level 


R L =667Q, C L =45pF (Note 3) 




13 


35 


ns 


tp ZL 


Output enable time to low-level 


Rl_ = 667Q, C L = 45pF (Note 3) 




15 


40 


ns 


tpHZ 


Output disable time from high-level 


R L = 667Q, Ci_=5pF (Note 3) 




13 


30 


ns 


tpi_Z 


Output disable time from low-level 


Rl = 667Q. C L =5pF {Note 3) 




16 


35 


ns 
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Note 3: Measurement circuit 

INPUT Vcc 



PG 



50Q: 



W 



OUTPUT Vcc 
9 9 



Rl| 

7SW1 

H* i» lH H 



5kQ 

— vw— 



=pc L 
w 



TIMING DIAGRAM (Reference level = 1.3V) 



r 



/ 



tPLH 



Y 



tpHL 



Symbol 


SW1 


SW2 


tpzH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following characteristic; 
PRR = 1 MHz, t r = 6ns. tf = 6ns, t w = 500ns, 
Vp=3Vp. P( Z o = 50ft 

(2) All diodes are switching diodes (t rr < 4ns) 

(3) Cl includes probe and jig capacitance. 



tpZL 
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DESCRIPTION 

The M74LS368AP is a semiconductor integrated circuit 
containing 6 buffers with 3-state outputs and is provided 
with output control inputs 10C and 20C, which are 
common to 4 circuits and 2 circuits respectively. 

FEATURES 

• Provided with output control inputs common to 4 
circuits and 2 circuits 

• High fan-out (Iol = 24mA, Ioh = -2.6mA) 

• High breakdown input voltage (V| ^ 15V) 

• Wide operating temperature range (T a = — 20~ +75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When OC is low, low appears in the output Y if input A is 
high and high appears if A is low. When OC is high, Y is put 
in the high-impedance state irrespective of the status of A. 
For this reason, this device is most suitable for use as a bus 
line driver. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT . 

CONTROL 10C -* IT 
INPUT 

INPUT 1Ai -► |T 

OUTPUT 1Yi «_ rj 

INPUT 1A2 -* Q" 

OUTPUT 1Y 2 «- [T 

INPUT 1A 3 — ► QT 

OUTPUT 1Y 3 *~ \T 

GND [j[ 




lH Vcc 

_ OUTPUT 

T5] «- 20C CONTROL 
INPUT 

?4]4- 2A 2 INPUT 

13] -♦ 2Y 2 OUTPUT 

l|] ♦- 2Ai INPUT 

TT] — ♦ 2Yi OUTPUT 

•[(J] «- 1A 4 INPUT 

~J\-+ 1Y 4 OUTPUT 



Outline 16P4 



FUNCTION TABLE (Note D 



OC 


A 


Y 


L 


L 


H 


L 


H 


L 


H 


X 


Z 



Note 1 : X I irrelevant 

Z : high-impedance 



CIRCUIT SCHEMATIC (EACH BUFFER) 



7k: 



OUTPUT 

CONTROL OC 
INPUT 



o-tC 



-H- 



INPUT A O 



■*■ 



< 



17ki 



-OVcc 



2.7kj 



4k J 




< 



< 



-W- 



*- 



-w- 



< 



■*■ 



24k^" 



) Y OUTPUT 



■*-i 




< 



-OGND 
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ABSOLUTE MAXIMUM RATINGS(Ta=-20~+75'C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5-4-15 


V 


Vo 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65--M50 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20 -+1S°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20~+75C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c = 4.75V, V| = 0.8V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V, V| = 2V 


IOL=l2mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


V C c = 5.25V, V|(OC)=2V, V =2.4V 






20 


U A 


IOZL 


Off -state low-level output current 


V C c = 5.25V, V|(OC)-2V, V o = 0.4.V 






-20 


M A 


llH 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


nA 


Vcc = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


OC 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


A 


V C c=5.25V 


V|(OC)=0.4V 
V|=0.4V 






-0.4 


mA 


V|(OC)= 2V 
V|=0.5V 






-20 


AiA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V o = 0V 


-40 




-225 


mA 


Ice 


Supply current 


V C c=5.25V, V|=0V, V|(OC)=4.5V 




12 


21 


mA 



* : All values are at Vcc = 5V, Ta = 25°C, unless otherwise noted 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta = 25-C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high level, high-to-low-level output propagation 
time, from input A to output Y 


C L =45pF 
(Note 3) 




7 


15 


ns 


tpHL 




7 


18 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L = 45pF (Note 3) 




16 


35 


ns 


tpZL 


Output enable time to low-level 


R L = 667Q, C L = 45pF (Note 3) 




18 


45 


ns 


tpHZ 


Output disable time from high-level 


R L = 667Q, C L =5pF (Note 3) 




13 


32 


ns 


tpi_Z 


Output disable time from low-level 


R L =667Q, C L =5pF (Note 3) 




18 


35 


ns 
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Note 3: Measurement circuit 



INPUT 
O 



PG 



Vcc 



W 



OUTPUT Vcc 
9 9 



Rl< 



7SW1 



\ 4 - ► > !►! 



5kQ 



Z^C L 
77T 



TIMING DIAGRAM (Reference level = 1.3V) 
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\ 
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Symbol 


SW1 


SW2 


tpzH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P =3Vp. P ,Z o = 50a 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) C[_ includes probe and jig capacitance. 
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DESCRIPTION 

The M74LS373P is a semiconductor integrated circuit 
containing 8 D-type latch circuits with 3-state output and 
is provided with an output controlling input and an enable 
input common to all circuits. 

FEATURES 

• 3-state f high fan-out output 

• Since pnp transistor input is used in output control and 
enable inputs, the input load factor is small 

• The enable input has high noise margin (Hysterisis 
= 400mV typical) 

• Package density is high with 8 circuits in one package 

• Provided with output control and enable inputs which 
are common to all 8 circuits. 

• Wide operating temperature range (T a = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Since the 8 D-type latches use pnp transistor input for the 
output control input OC and enable input E f which are 
common to all 8 circuits, the input load factor is small. 
With a hysteretis of 400mV (typical) specially given to the 
input circuit E, noise margin is high. 
When E is high, the information from the data input D app- 
ears in the output Q. 

When the D signal changes, the signal that appears in Q also 
changes. When E changes from high to low, the status of D 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT J— 

CONTROL OC -♦ M 
INPUT "— 

OUTPUT 1Q *- QT 
I 1D -*{J 
2D -+[T 

2Q -0E 

30 «-[? 

3D — [T 
AD -*[£ 
OUTPUT 4Q «- fT 
GND [To 



DATA INPUTS 



OUTPUTS 



DATA | 
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Outline 20P4 



immediately before the change is latched. While E is low, 
the status of Q does not change even if the D is changed. 
When OC is high, 1Q - 8Q are all put in the high- 
impedance state irrespective of other input signals. Since all 
outputs have high fan-out, this device is suitable for use as a 
buffer register, I/O port, or bi-directional bus driver. For 
application, see M74LS374P. 



BLOCK DIAGRAM 



OUTPUTS 



ENABLE INPUT E ( 




GND 



DATA INPUTS 
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OCTAL D-TYPE TRANSPARENT LATCHS WITH 3-STATE OUTPUTS 



FUNCTION TABLE (Noten 



oc 


E 


D 


Q 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Q° 


H 


X 


X 


Z 



Notel: Q° 

Z 

x 



level of Q before the indicated steady-state input conditions were established 

high-impedance 

irrelevant 



ABSOLUTE MAXIMUM RATINGS <T a 



-20 — h 75°C , unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


v 


Output voltage 


Off-state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~4-75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vol^Q.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~4-75T f unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


Vih 


High-level input voltage 


! 


2 






V 


V| L 


Low-level input voltaae 


E 


I 






0.75 


V 


D, OC 


. 






0.8 


Vic 


Input clamp voltage 


V C c = 4.75V, || C =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V| = 0.8V 
V|=2V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 

V| = 0.8V,V|=2V 


loi_=12 mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


V C c = 5.25V, V|=2V, Vo= 2 - 7V 






20 


/uA 


l0ZL 


Off-state low-level output current 


V C C=5.25V. V|=2V, V O = 0.4V 






-20 


/iA 


llH 


High-level input current 


V C c = 5.25V, V|=2.7V 






20 


AiA 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c=5.25V, V O = 0V 


-30 




-130 


mA 


Iccz 


Supply current, all outputs off 


Vcc = 5. 25V (Note 3) 




24 


40 


mA 



* : All typical values are at V C c = 5V,Ta = 25° C. 
Note 2: All measurements should be done quickly, and not more than one 
3: Iccz is measured with OC input at 4.5V. 



output should be shorted at a time. 
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SWITCHING CHARACTERISTICS (Vco = 5V, Ta = 25-C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input 1D— 8D to output 1Q~ 8Q 


Ci_ = 45pF (Note 4) 




9 


18 


ns 


tpHL 




11 


18 


ns 


tPLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output 1Q — 8Q 




14 


30 


ns 


tpHL 




13 


30 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L = 45pF (Note 4) 




13 


28 


ns 


tpZL 


Output enable time to low-level 


R|_ = 667Q, C L =45pF (Note 4) 




14 


36 


ns 


tpHZ 


Output disable time from high-level 


R L = 667G, C L = 5 pF (Note 4) 




16 


20 


ns 


tpLZ 


Output disable time from low-level 


R L = 667Q, C L = 5 pF (Note 4) 




8 


25 


ns 



Note 4: Measurme Measurement circuit 



PG 



INPUT 
O 




itr 



/swi 



5kQ 
-AAAr- 






I'™ 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp=3V P .p,Z o = 50n 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) C|_ includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (v cc =5V, 


Ta = 25°C 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw (EH) 


Enable input E high pulse width 




15 


11 




ns 


tw (EL) 


Enable input E low pulse width 


15 


10 




ns 


tsu 


Setup time 1D — 8D to E 


5 


-2 




ns 


th 


Hold time 1D — 8D to E 


20 


7 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

twjEH) , tw(EL) 



J 



1D-8D 



1Q-8Q 



1D-8D 



1Q-8Q 



1_ 



HE 



tsu(D) 



f 



r 



w 



(D) 



tPLH 



f 



I 



tPLH 



\ 



1 



tsu(D) 



m 



t 



th(D) 



lL 



"V 



tpHL 



1Q-8Q 



1Q-8Q 



V 



f 



tPZH 

■* »■ 



f 



tPLZ 



tPHZ 



T0T5V 



Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 
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OCTAL POSITIVE EDGE-TRIGGERED D-TYPE FLIP FLOPS 

WITH 3-ST ATE OUTPUTS 



DESCRIPTION 

The M74LS374P is a semiconductor integrated circuit 
containing 8 D-type positive edge-triggered flipflop circuits 
with 3-state output, and is provided with an output control 
input and a clock input, which are common to all the 
circuits. 

FEATURES 

• Positive edge triggering 

• 3-state, high fan-out output 

• The use of pnp transistor input for the output control 
and clock inputs has made the input load factor small 

• The clock input has high noise margin. 
(Hysterisis = 400mV typical) 

• Package density is high with 8 circuits in one package 

• Provided with output control and clock inputs which 
are common to all 8 circuits. 

• Wide operating temperature range (T a = -20 ~ +75 C) 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT ,— i 

CONTROL OC-*LL " 

INPUT — ' 




DATA 
INPUTS 



OUTPUT 40 «- nr 
GND []0 



Outline 20P4 



APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Since the 8 D-type ege-triggered flip-flop circuits use a pnp 
transistor input for the output control input OC and 
clock input T, which are common to all 8 circuits, the input 
load factor is small. With a hysterisis of 400m V (typical) 
specially given to the input circuit T, noise margin is high. 



When T changes from low to high,, the information of data 
input D immediately before the change appears in the 
output Q in accordance with the function table. 
When OC is high, 1Q-8Q are all put into the high- 
inpedance state, irrespective of other input signals. Since all 
outputs have high fan-out, this device is suitable for use as a 
buffer register, I/O port, or bi-directional bus driver. 



BLOCK DIAGRAM 



OUTPUTS 



OUTPUT 

CONTROL 

INPUT 



oc(0-^>- 




CLOCK INPUT 



t &-§>» 



D 1 
T 




D 1 

T 



D 1 
T 




D 1 
T 





D 1 

T 



D 1 

T 




D 1 
T 




GND 



DATA INPUTS 
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FUNCTION TABLE (Noteii 



oc 


T 


D 


Q 


L 


T 


H 


H 


L 


T 


L 


L 


L 


L 


X 


Q° 


H 


X 


X 


Z 



Notel: f : transition from low to high level 

Q° : level of Q before the indicated steady-state input conditions were established 

Z : high-impedance 

X : irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta= -20~ +75"C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5— -+-15 


V 


Vo 


Output voltage 


Off-state 


-0.5- + 7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (T a = -20~-+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V h^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V OL ^0.4V 







12 


mA 


V OL ^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~-t-75°C. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V. l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc = 4.75V, V|=0.8V 
V| = 2V. l H=-2.6mA 


2.4 


3. I 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V,V|=2V 


loL=l2mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc=5.25V, V| = 2V, V = 2.7V 






20 


^ 


IOZL 


Off-state low-level output current 


V C c = 5.25V, V|=2V, V O = 0.4V 






-20 


UA 


llH 


High-level input current 


V C c = 5.25V. V|=2.7V 






20 


M 


V C c=5.25V, V|-10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V. Vo-OV 


-30 




-130 


mA 


Iccz 


Supply current, all outputs off 


Vcc = 5. 25V (Note 3) 




27 


45 


mA 



* : All typical values are at V C c = 5V, Ta = 25°C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
3: Iccz is measured with OC input at 4.5V. 
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OCTAL POSITIVE EDGE-TRIGGERED D-TYPE FLIP FLOPS 

WITH 3-STATE OUTPUTS 



SWITCHING CHARACTERISTICS (V CC = 5V, Ta = 25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


Ci_ = 45pF {Note 4) 


35 


40 




MHz 


l PLH 


Low- to-high-level, high-to-low-level output propagation 
time, from input T to output 1 Q~8Q 




10 


28 


ns 


tpHL 




13 


28 


ns 


tpZH 


Output enable time to high-level 


R L = 667Q, C L = 45pF (Note 4) 




14 


28 


ns 


tpZL 


Output enable time to low-level 


R L = 667Q, Ct_ = 45pF (Note 4) 




14 


28 


ns 


tpHZ 


Output disable time from high-level 


Rl_ = 667Q, Cl= 5pF (Note 4) 




16 


20 


ns 


tpLZ 


Output disable time from low-level 


R L = 667Q, C L = 5pF(Note4) 




8 


25 


ns 



Note 4: Measurement circuit 



INPUT 
O 



Vcc 



W 



OUTPUT Vcc 



/swi 



5kQ 

-AAAr- 



77T 



7SW2 



Symbol 


SW1 


SW2 


tpzH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 
Vp = 3V P .p, z = 5on 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (V c = 5V,.Ta = 25'C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




15 


5 




ns 


tw(TL) 


Clock input T low pulse width 


18 


15 




ns 


• tstJ(D) 


Setup time 1D — 8D to T 


20 


6 




ns 


th(D) 


Hold time 1D—8D to T 


4 


1 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



1Q-8Q 



,.- mm 



tsu(D) 



tw(TH) 



th(D) 



f 



tPLH 



^WdL) 



f 



msa 



tsu(D) 



m 



th(D) 



V 



oc 



1Q-8Q 



1Q-8Q 



V 



\ 



tPZL 

■* »• 



_f 

tpZH 



T 



tPLZ t 



tPHZ 



^- 5V 



Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 
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OCTAL POSITIVE EDGE-TRIGGERED D-TYPE FLIP FLOPS 

WITH 3-STATE OUTPUTS 



APPLICATION EXAMPLE 






8-Bit shift register 
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8D 




70 
80 






















L "^ 


















T 


















~"" J 


CLOCK INPUT 1 ^ — 
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5D 








































































































4Q 




3D 
2D 
1D 
















30 
20 






















10 


OC 








\ 


\ 


M74 


LS374P 

^ 


UTPUT 

ONTROL INPUT 2 
























" c 



MITSUBISHI 
l ELECTRIC 



2-359 



MITSUBISHI LSTTLs 

M74LS375P 

4-BIT BISTABLE LATCH 



DESCRIPTION 

The M74LS375P is a semiconductor integrated circuit 
containing 4 bistable latch circuits and is provided with 
outputs Q and Q. 

FEATURES 

• Enable inputs common to two circuits each 

• Q and Q outputs 

• pin 8GND, pin 16 V C c 

© Wide operating temperature range (T a = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device contains 4 D-type latch circuits and is provided 
with enable inputs E common to 2 circuits each. When E is 
high, the information from the data input D appears in the 
outputs Q and Q. When the D signal changes, the signal that 
appears in outputs Q and Q also changes. When E changes 
from high to low, the status of D immediately before the 
change is latched. While E is low, the status of Q and Q 
does not change even if D is changed. 

This IC has the same functions and electrical charac- 
teristics as M74LS75P and differs only in its pin con- 
figuration. 

FUNCTION TABLE <Note» 



E 


D 


Q 


Q 


H 


H 


H 


L 


H 


L 


L 


H 


L 


X 


Q° 


0° 



Note T Q°,Q° : Level of Q and Q before the indicated steady-state input conditions 
were established. 
X : Irrelevant 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUT 1D -* \T 

10 — (I 
10 — H 

ENABLE 1-2F -* IT 
INPUT n ^ Ll 

f2Q-[][J 

OUTPUTS \ _ 

I 2Q «- [? 

DATA INPUT 2D— •> [7 

GND [J 



J" 



E 
DMJ 



16] V C c 

l|] «- 4D DATA INPUT 

U]— 4Q ] 

OUTPUTS 

Til «_ 3-4E ENABLE 
1£1 J * t INPUT 

n]-> 3Q 

10]-* 3Q 

T| «— 3D DATA INPUT 



Outline 16P4 



BLOCK DIAGRAM (EACH LATCH) 

DATA ^ , — ^ 




INPUT Du [Z)~U-^ 


~~ ° ]oUT 
r-0Q| PUTS 


^Xl ec> t^>70-^ > ~ M> " 


. THE OTHER LATCHES 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol. 


Parameter ' 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5 — h 15 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


T stg 


Storage temperature range 




-65~ + 150 


°C 
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RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75t:, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V H^2.7V 







-400 


M A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~-f75tJ, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage' 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


V|C 


Input clamp voltage 


Vcc=4.75V, hc=-18mA 






-1.5 


V 


V H 


High-level output voltage 


V C c=4.75V, V|=0.8V 
V|=2V, l O H=-400/iA 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=0.8V, V|=2V 


loi_=4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


D 


V C c=5.25V 
V|=2.7V 






20 


JU& 


E 






80 


D 


V C c=5.25V 
V| = 10V 






0.1 


mA 


E 






0.4 


IlL 


Low-level input current 


D 


V C c= 5.25V 
V|=0.4V 






-0.4 


mA 


E 






-1.6 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, Vo= V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc= 5.25V (Note 3) 




6.3 


12 


mA 



* : All typical values are at Vcc=5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with all inputs at OV. 

SWITCHING CHARACTERISTICS (VCC = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D to output Q 


C L =15pF (Note4) 




12 


27 


ns 


tPHL 




8 


17 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input D to output Q 




10 


20 


ns 


tPHL 




6 


15 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output Q 




13 


27 


ns 


tPHL 




12 


25 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input E to output Q 




12 


30 


ns 


tPHL 




6 


15 


ns 



Note 4: Measurement circuit 



INPUT Vcc OUTPUT 











\ 


O 






DUT 




PG 












50Q^ 


r, 


T 


m 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3Vp. P ,Z o = 50n. 

(2) C|_ includes probe and jig capacitance. 
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4-BIT BISTABLE LATCH 


TIMING 


REQUIREMENTS <vcc=5v. Ta=2 5 c, 


unless otherwise noted ) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(EH) 


Enable input E high pulse width 




20 


7 




ns 


tsu(D) 


Setup time 1D — 4D to E 


20 


12 




ns 


th(D) 


Hold time 1D~4DtoE 


8 


5 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(EH) 






1D 



1Q-4Q 



1Q-4Q 



tsU(D) 



tpLH 

>* »> 



I 



\ 



tpHL 



th(D) 

* > 



V 



tsU(D) 



r 



th(D) 



\ 



tpHL 

«* »■ 



tpLH 



1D-4D 



1Q-4Q 



1Q-4Q 



/ 



tpLH 



tpHL 



High-level 3-4E, 1-2E 



\ 



\ 



tpHL 



f 



tpLH 
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DESCRIPTION 

The M74LS377P is a semiconductor integrated circuit 
containing 8 D-type positive edge-triggered flip-flop circuits 
with common clock input and enable input. 

FEATURES 

• Positive edge-triggering 

• High mounting density with 8 circuits contained 

• Enable and clock inputs common to all 8 circuits 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

This device contains 8 edge-triggered D-type flip-flop 
circuits and it is provided with clock input T and enable 
input E common toj all 8 circuits. When T changes in each 
flip-flop from low to high, the data input signal D 
immediately before the change appears in output Q. 

When E is set high, the output status does not change 
irrespective of the status of the other input signals. 
Malfunctioning does not result even if E is set from high to 
low or from low to high. 



PIN CONFIGURATION (TOP VIEW) 



ENABLE -= r-r 

INPUT t ~*LL 

OUTPUT 1Q «- [T 
|1D-|7 
I 2D — \T 

[2Q-GE 

l 30 *-[T 

1 3D — rr 

DATA I ■— 

INPUTS I r— 

Ud — |T 

OUTPUT 4Q «— [g" 
GND [lO 



DATA 
INPUTS 



OUTPUTS 



"\S~ 



1Q E 8Q 



1D 8D 

2D 7D 

2Q 7Q 

3Q 6Q 

3D 6D 

4D 5D 



4Q 50 



DATA 
INPUTS 



20] Vcc 

1|| -♦ 8Q OUTPUT 
¥] «- 8D 
T7] «- 7D , 

JU-7Q ; 

j5]-*6Q | 

M] ♦- 6D | 
15] «- 5D I 



DATA 
INPUTS 



j2] -*• 5Q OUTPUTS 

— 1 *_ T CLOCK 
HJ ' INPUT 



Outline 20P4 



BLOCK DIAGRAM 




DATA INPUTS 
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FUNCTION TABLE (Note D 




1" 


T 


D 


Q 


H 


X 


X 


Q° 


L 


T 


H 


H 


L 


t 


L 


L 


X 


L 


X 


Q° 



Note 1 T : Transition form low to high (positive edge trigger) 

Q° : Level of Q before the indicated steady-state input conditions were established. 
X '. Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta= -20 ~ + 75-C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5— + 15 


V 


Vo 


Output voltage 


High-level state 


— 0.5~ Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


•c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta= -20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


VoH^2.7V 







-400 


* A 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~4-75"C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


VlH 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V C c=4.75V, V| = 0.8V 
V|=2V. l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V.V| = 2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


V C c = 5.25V, V|=2.7V 






20 


M* 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| = 0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc=5.25V (Note 3) 




17 


28 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Supply current is measured after 1 D ~ 8D are set to 0V and T has been changed from 0V to 4.5V. 



SWITCHING CHARACTERISTICS ( V C C = 5V, T a =25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


CL=15pF (Note 4) 


30 


40 




MHz 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from T to 1Q — 8Q 




11 


27 


ns 


tPHL 




11 


27 


ns 
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Note 4: Measurement circuit 

INPUT 



PG 



Vcc 



JIT 



OUTPUT 
O 



^:Cl 



W 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns. 
Vp=3V P .p,Z o = 50a 

(2) C|_ includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (v cc =5v, Ta=25-c 


, unless otherwise noted.) 










Symbol 


Parameter . 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TD 


Clock input T low pulse width 




20 


8 




ns 


tsU(D) 


Setup time 1D — 8D to T 


20 


6 




ns 


tsU(EH) 


Setup time high Eto T 


10 







ns 


tsU(EL) 


Setup time low E toT 


25 


9 




ns 


th(D) 


Hold time 1D — 8D to*T . 


5 


- 5 




• ns 


th (EH) 


Hold time high Eto T 


5 


- 5 




ns 


th (EL) 


Hold time low E to T 


5 


1 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



~v 



1Q-8Q 



r 



tsu(D) 



tw(TL) 



^_, c 



mm 



th(D) 



tsu(D) 

h* » 



jr 



tpLH 



m 



th(D) 



tPHL 



"A / mJ 



tsU(EH) 



th(EH) tsu(EL) 

— H K- * 



& 



th(EL) 
- — »^ 



Note 5: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 
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DESCRIPTION 

The M74LS386P is a semiconductor circuit containing four 
integral circuits configured into dual input exclusive OR 
gates. 

FEATURES 

• Capable of withstanding high input voltages (Vj ^ 15V) 

• Low power dissapation (P d = 30.5mW typical) 

• High operating speed (t pd = 10ns typical) 

• Low output impedance 

• Wide operating temperature range (T a = _20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

FUNCTIONAL DESCRIPTION 

The use of Shottky TTL technology has enabled the 
achievement of high input voltages, high speed, low power 
dissipation, and high fan-out. 

When both inputs A and B either low or high, output Y 
is low, and when A and B are high and low or low and high 
respectively, Y is high. 



FUNCTION TABLE 


A 


B 


Y 


L 


L 


L 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 




Outline 14P4 



CIRCUIT DIAGRAM (Applicable to each gate) 



5e5e 



o Vcc 




ABSOLUTE MAXIMUM RATINGS (T a = -20 ~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5- + 15 ' 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


X 
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RECOMMENDED OPERATING CONDITIONS (T a = -20~+75-C, unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V OH ^2.7V 







-400 


/iA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTER ISTICS(T a = -20~+75C, unless otherwise noted ) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V CC = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V|=0.8V 
V|=2V, l O H=-400,uA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V, V|=2V 


IOL = 4mA 




0.25 


0.4 


V 


Iql— 8m A 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V|=2.7V 






40 


MA 


V C c = 5.25V, V|=10V 






0.2 


mA 


Iil 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.8 


mA 


•os 


Short-circuit output current (Note 1) 


Vcc=5.25V, V O =0V 


-20 




-100 


mA 


■cc 


Supply current 


V C C = 5.25V (Note 2) 




6.1 


10 


mA 



* : All typical values are at V cc = 5V,T a = 25 C. 

Note 1 . All measurements should be done quickly, and not more than one output should be shorted at a time. 
2. Ice is measured with all inputs grounded. 

SWITCHING CHARACTERISTICS (Vcc = 5V,Ta=25°C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time 


C L =15pF, Other inputs low (Note 3)' 




8 


23 


ns 


tpHL 




12 


17 


ns 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time 


C|_=15pF, Other inputs high (Note 3) 




8 


30 


ns 


*PHL 




10 


22 


ns 



, Note 3. Measurement circuit 



INPUT 
O 



Vcc 



OUTPUT 
O 



50Q^ 



17T 



TIMING DIAGRAM (Reference level = 1.3V) 



=J=c L 



itr 



\ 



i 



7\ 

tpHL 



f 



tpi_H 



- (1 ) The pulse generator (PG) has the following 

characteristics: PRR = 1 MHz, t r = 6ns, tf = 6ns, 
t w = 500ns, Vp =3Vp.p, Z Q = 50H. 
(2) Cl includes probe and jig capacitance. 
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DESCRIPTION 

The M74LS390P is a semiconductor integrated circuit 
containing two asynchronous decade counters with direct 
reset inputs 

FEATURES 

• High mounting density with 2 circuits equivalent to 
LS90 and LS290 

• Direct reset inputs independent for both circuits 

• Usable independently as binary and divide-by-5 counters 

• High-speed counting (f m ax= 80MHz typical) 

• Wide operating temperature range (T a = — 20~+75°C) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and consumer 



FUNCTIONAL DESCRIPTION 

This device is composed of independent binary and 
divide-by-5 counters. Clock input Tj and output Qa are 
employed for use as a binary counter while clock input T 2 
and outputs Q B , Q c and Q D are employed for use as a 
divide-by-5 counter. When employed as a decade counter, 
the pure binary code output appears in the Q A/ Q B , Q c 
and Q D outputs by connecting Q A and T 2 and making T x 
the input. Counting is performed when T x and T^ change 
from high to low. 

The binary and divide-by-5 counters can be reset 
simultaneously by setting direct reset input Rd high. For 
use as a counter, Rd is set low. 



PIN CONFIGURATION (TOP VIEW) 


CLOCK INPUT 1T1-+IT n 

DIRECT __ Ti 
RESET 1R d ->[T-Rd r- 
INPUT py 

OUTPUT 1Qa«-[T-Qa R D 




7| Vcc 

KJ4- 2T~f CLOCK INPUT 

— , DIRECT 
14|<-2R D RESET 
. INPUT 


CLOCK INPUT 1TF-»|T 


-c 


T 2 


Oa 




J3]-» 2Q A OUTPUT 




'10b— [T 




Qb 


T 2 


3- 


l|]^-2T2 CLOCK INPUT 


OUTPUTS' 


10c+-[? 




Qc 


Qb 




Ti]->2QB 






JQd— [T 




Qd 


Qc 




]0\-*2Qc 


> OUTPUTS ■ 


GND [7 




Qd 




I|-*2Qd 




Outline 16P4 



BLOCK DIAGRAM 



Qa 
Q 



CLOCK INPUT T1 O- 



J 
-0 T 



Qb 
Q 



DIRECT RESET 
INPUT 



RdO [>o- 

CLOCK INPUT T2 O 



Qc 
Q 




Qd 
Q 



L_ 



J 
T 

K r, 

Rp_ 

" — T 
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FUNCTION TABLE (Note D 






T 


Rd 


Qa 


Qb 


Oc 


Qd 


X 


H 


L 


L 


L 


L 


1 


L 


Count 



Note 1 1 
X 



Transition from high to low (negative trigger) 
Irrelevant 



Count number 


Oa 


• Qb 


Qc 


Qd 





L 


L 


L 


i_ 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 



Valid when C^and T2 are connected and T"i is made the input 
ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 


Inputs Ti, T2 


-0.5- + 5.5 


V 


Input R D 


— .5— -h 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vqc 


V 


Topr 


Operating free-air ambient temperature range 


- 


-20-+75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS Oa = -20- + 75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







-400 


juA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta 



-20 (-75°C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l|c = -18mA 






-1.5 


V 


V 0H 


High-level output voltage 


V CC = 4.75V. V| = 0.8V 
V| = 2V. l O H=-400;uA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 

V| = 0.8V. V| = 2V 


IOL=4mA(Note2) 




0.25 


0.4 


V 


loi_=8mA(Note2) 




0.35 


0.5 


V 


l|H 


High-level input current 


Rd 


V C c = 5.25V, V| = 2.7V 






20 


mA 


tT 






100 


Ti 






200 


Rd 


V C c = 5.25V, V|=10V 






0.1 


mA 


TT 


Vcc = 5.25V, V|=5.5V 






0.2 


t7 






0.4 


IlL 


Low-level input current 


Rd 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


tT 






-1.6 


T7 






-2.4 


'os 


Short-circuit output current (Note 3) 


Vcc = 5.25V, Vo=0V 


-20 




-100 


mA 


'cc 


Supply current 


V C c = 5.25V (Note 4) 




15 


26 


mA 



* : All typical values are at V cc = 5V, Ta = 25 C. 

Note 2: Output Qa should be tested with input T-T connected to output Qa- 

Note 3: All measurements should be done quickly not more than one output should be shorted at a time. 
Note 4: Ice is measured with T] and T2 at 0V after R D has been set from 4.5V to 0V. 
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SWITCHING CHARACTERISTICS (Vcc=5V,T a =25-C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency, 
from input Ti to output Qa 


C L =15pF (Note 5) 


25 


80 




MHz 


fmax 


Maximum clock frequency, 
from input T2 to output Qb 


12.5 


35 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T1 to output Q a 




8 


20 


ns 


tPHL 




8 


20 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input Ti to output Qc 




24 


60 


ns 


tPHL 




24 


60 


ns 


' tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qb 




10 


21 


ns 


tPHL 




10' 


21 


ns 


tp|_H 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2 to output Qc 




17 


39 


ns 


tpHL 




17 


39 


ns 


tPLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input T2to output Qq 




10 


21 


ns 


tPHL 




10 


21 


ns 


tPHL 


High-to-low-level output propagation time, 
from input Rd to outputs Qa, Ob, Oc, Qd 




11 


39 


ns 



Note 5: Measurement circuit 



50Q- 



Vcc 



OUTPUT 
p 



=^C L 



ITT 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, T r = 6ns, t f = 6ns, t w = 500ns, 
Vp=3V P .p, Z =50n 

(2) C|_ includes probe and jig capacitance 



TIMING REQUIREMENTS (V C C = 5V, T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


twCHH) 


Clock input 7"i high pulse width 




20 


4 




ns 


tw(TTH) 


Clock input Ti high pulse width 


40 


12 




ns 


tw(R D ) 


Direct reset Rq pulse width 


20 


4 




ns 


tr 


Clock pulse rise time 




400 


100 


ns 


tf 


Clock pulse fall time 




300 


100 


ns 


trec(R D ) 


Recovery time Rp to Ti", Ti 


25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



Ti, T 2 



Qa, Qb, Qc, Qd 



tw(Ti,T2Hj 



^_f — V 



JPHL^ 



V 



r 



tPLH 



Rd^ 



Ti.Ti 



J" 



Qa,Qb, Qq,Qd 



tw(Rp) 



V 






tPHL 

■«= *• 



V. 



/ 
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DESCRIPTION 

The M74LS393P is a semiconductor integrated circuit 
containing two 4-bit binary (hexadecimal) asynchronous 
counter circuits with direct reset inputs 

FEATURES 

• High package density with 2 circuits equivalent to LS93 
or LS293 

• 2 discrete direct reset inputs 

• High-speed counting (fmax = 75MHz typical) 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

When a count pulse is fed to the clock input T , pure 
binary code appear in at outputs Q A , Q B , Q C/ and Q D . 
Counting is performed when T changes from high to low. 
Reset is affected by making the direct reset input R D high. 
For use as a counter, hold R D low. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK lT _n1 

INPUT IT — |J_ 

DIRECT , , 

RESET 1R D — Hf 

IMPI IT r ■ 



iqa— [T 
iqb^ [7 

1Qc— |T 
1QD— U 
GND [7 



"W 



Qa 



Vcc 



— y - CLOCK 

13] — 2T input 

— , DIRECT 

12^ «^-2Rd RESET 
— ' ^ INPUT 

TT] ->2Q A 

To] ->2Qb 
1] — 2Qc 
T) — 2Q D 



Outline 14P4 



BLOCK DIAGRAM (EACH BLOCK) 



CLOCK INPUT T O- 



DIRECT ^_ 

RESET INPUT n U~ 



J 1 

-<Jt 



-0- 



Oa 
Q 



Qb 
O 



J 1 

T 

Kr d o 



Rd 



Oc 
Q 



Qd 
Q 



J 1 

T 

Kr d o 
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FUNCTION TABLE (NoteD 



T 


Rd 


Qa 


Qb 


Qc 


Qd 


X 


H 


L 


L 


L 


L 


1 


L 


Count 



Note 1: i : transition from high to low-level 
X * irrelevant 



ABSOLUTE MAXIMUM RATINGS 

(Ta=— 20 — h75°C, unless otherwise noted ) 



Count 


Qa 


Ob 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 


10 


L 


H 


L 


H 


11 


H 


H 


L 


H 


12 


L 


L 


H 


H 


13 


H 


L 


H 


H 


14 


L 


H 


H 


H 


15 


H 


H 


H 


H 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


V| 


Input voltage 


T input 


-0.5- + 5.5 


V 


Rd input 


-0.5--M5 


V 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~-f-75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.7V 







-400 


/iA 


lOL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = - 


20~-f-75°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l|c=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V CC = 4.75V, V|=0.8V 
V|=2V, l O H=-400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V, V|=2V 


loL = 4mA 




0.25 


0.4 


V 


loL = 8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Rd 


Vcc=5.25V, V|=2.7V ; 






20 


//A 


T 






100 


Rd 


V C C = 5.25V, V|=10V 






0.1 


mA 


T 


V C c = 5.25V, V|=5.5V 






0.2 


mA 


In- 


Low-level input current 


Rd 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


T 






-1.6 


fos 


Short-circuit output current (Note 2) 


V C C = 5.25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5. 25V (Note 3) 




15 


26 


mA 



* : All typical values are at V C c = 5 V,Ta = 25° C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
3: Ice is measured withT input grounded and a momentary 4.5V, then grounded, applied Rp input. 
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SWITCHING CHARACTERISTICS (V C C=5V. T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


•max 


Maximum clock frequency 


C L =15pF (Note 4) 


25 


75 




MHz 


tpLH 


Low- to-high-level, high-to-low-level output propagation 
time, from input T to output Q ^ 




8 


20 


ns 


tpHL 




8 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to output Qq 




36 


60 


ns 


tpHL 




36 


60 


ns 


tPHL 


High-to-low-level output propagation time, 
from input Rq to output Qa, Qb. Oc Od 




11 


39 


ns 



Note 4: Measurement circuit 



INPUTS 



Vcc 



-fir 



zbc L 



Iff 



(1 ) The pulse generator (PG) has the following characteristics: 
PR R = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

V P = 3Vp. P ,Z o = 50n 

(2) Cl includes probe and jig capacitance. 



TIMING 


REQUIREMENTS (v 00 =5V. T a = 25-c 


, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TH) 


Clock input T high pulse width 




20 


4 




ns 


tw(Ro) 


Direct reset input Rrjpulsewidth 


• 20 


4 




ns* 


tr 


Clock pulse rise time 




400 


100 


ns 


tf 


Clock pulse fall time 




300 


100 


ns 


trec(R D ) 


Recovery time Rq to T 


25 


7 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



Qa, Qb, Qc, Qd 



tw(TH) 



/ — \ 



tPHL 



Rd 



F~\ 



tPLH 

* — *• 



Qa, Q b , Q c , Qd 



tw(R D ) 



X 



tPHL h- 

** — > 



t 
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DESCRIPTION 

The M74LS395AP is a semiconductor integrated circuit 
containing a 3-state output 4-bit serial/parallel input-serial/ 
parallel output shift register function. 

FEATURES 

• Synchronous serial/parallel input-serial/parallel output 

• Right shift function 

• Left shift function available with external connection 

• Mode control input provided 

• Output control input provided 

• Q ~Q 3 usable in AND-Tie connection 
(3-state output provided) 

• Bit number can be expanded 

• Wide operating temperature range (T a = — 20~+75°C) 

• High fan-out (l OL = 24mA, Iqh = -2.6mA) 



APPLICATION 

General purpose, 
equipment. 



for use in industrial and. consumer 



PIN CONFIGURATION (TOP VIEW) 


DIRECT RESET — r— 
INPUT Rd ~* LL 


W 




16] Vcc 


i 


SERIAL DATA _^ rr 
INPUT Ds L£ 




°S Q 




15]— Q .<| 




PARALLEL, 
DATA INPUTS 


' D — [3 
Di -■[£ 
D 2 -U 




D Qi 
Di Q 2 
D 2 Q 3 




u] — Qi 
13]— Q 2 
12]— Qa^ 


> OUTPUTS 


Id 3 -[? 

MODE f— 

CONTROL M/C -» []_ 

INPUT "J 




D 3 Q 3 ' 

M/C T 
OC 




T71 / CASCADE 
I2J ~* V3 OUTPUT 

10] *- T CLOCK INPUT 

OUTPUT 
"9] *- OC CONTROL 
—^ INPUT 


GND [8 




V 










Outline 16P4 







FUNCTIONAL DESCRIPTION 

This device can be used as a serial input-series/parallel 
output and parallel input-serial/parallel output shift register 
with the mode control input M/C signal. When M/C is kept 
in low, the serial data are applied to the serial data input Ds 
and the clock pulse is applied to the clock input T, the 
serial data are shifted sequentially to outputs Q ~Q3 and 
Q 3 ' in synchronization with the clock pulse. When M/C is 
kept in high, the parallel data are applied to parallel data 
inputs D ~D 3 and the 1-bit clock pulse is applied to the T, 
signals D ~D 3 appear in outputs Q ~Q3 and Q 3 '. When T 
changes from high to low, the right shift or parallel data 
read operation is performed. When M/Cis kept in high, Q 3 is 



connected to D 2 , Q 2 to Dj and Qj to D , the serial data 
are applied to D 3f and the clock pulse is applied to T, the 
left shift operation is performed. When a high-level state is 
applied to output control input OC, Qo~Q3 are put in a 
high-impedance state and AND-Tie connection is made 
possible. There will be no effect on the shift and parallel 
data reading operations even when OC is changed. Cascade 
output Q 3 ' is used for bit number expansion. Even if OC is 
changed in this state, there is no effect on the shifting and 
parallel data reading. By setting direct reset input "R^ and 
OC low, Qo~Q 3 ' are reset low irrespective of the status of 
the other input signals. 



BLOCK DIAGRAM 



OUTPUT CONTROL 
INPUT 



OC(9>-ct>- 



-<15> 



OUTPUTS 
_A 



<T 



CLOCK INPUT T (1Q> 

DIRECT RESET 
INPUT 



SERIAL DATA 
INPUT 

MODE CONTROL M/C 
INPUT 



o^-^ 




Qi 



$" 



S 1 —i 



— *r 






4T 



T 
r Rd 1 



-cr 



o^-V 




CASCADE OUTPUT 
OUTPUT 

Q3 Q3 Vcc 



<r 



HO- 1 




PARALLEL DATA INPUTS 
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FUNCTION TABLE (Nqten 


Function mode 


Input 


•3-state output 


Cascade output 


Rd 


M/C 


T 


Ds 


Parallel input 


Qo 


Qi 


02 


03 


03' 


Do 


Di 


D 2 


D 3 


Direct reset 


L 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


L 


Output hold 


H 


H 


H 


X 


X 


X 


X 


X 


Qo° 


Qi° 


02° 


03° 


Q3O 


Parallel output 


H 


H 


1 


X 


Do 


Di 


D 2 


D 3 


Do 


Di 


D 2 


D 3 


. D 3 


Output hold 


H 


L 


H 


X 


X 


X 


X 


X 


Qo° 


Qi° 


Q2° 


Q3° 


Q3O 


Right shift 


H 


L 


4 


H 


X 


X 


X 


X 


H 


Qo° 


Qi° 


Q2° 


02° 


H 


L 


i 


L 


X 


X 


X 


X 


L 


Qo° 


Qi° 


Q 2 


Q2 



Note 1. 1 '. Transition from high to low (negative edge trigger) 

0° : Level of Q before the indicated steady-state input conditions were established 



X : Irrelevant 

Output impedance state is high when OC is high. 



ABSOLUTE MAXIMUM RATINGS (Ta = 



-20 h 75°C , unless otherwise noted ) 



RECOMMENDED OPERATING CONDITIONS era 



-20— +75°C, unless otherwise noted) 



Symbol 








Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level 
output current 


Qo~03 Voh^2.4V 







-2.6 


mA 


Q 3 ' Voh^2.7V 







-400 


uA 


lOL 


Low-level 
output current 


Qo~03 


V O L^0.4V 







12 


mA 


Vol^0.5V 







24 


mA 


03 


Vol^0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75°C, unless otherwise noted) 



All typical values are at Vcc = 5V, T a = 25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Supply current Ice should be measured with RD, Ds and M/C at 4.5V and Dq~D3, OC and T at 0V. 

Note 4: l cz is measured with Rd. D s , M/C and OC at 4.5V, and D ~D 3 at 0V after T has been set from 3V to 0V. 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


00~03 


Off-state 


-0.5-+5.5 


V 


03 ' 


High-level output 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



Symbol 


Parameter 






Limits 


Unit 




Min 


Jyp 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, lic = -18mA 






-1.5 


V 


Voh 


High-level output voltage 


00~Q3 


Vcc =4. 75V, V| = 0.8V 
V| = 2V 


Ioh = — 2.6mA 


2.4 


3.1 




V 


03 


Ioh = -400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Oo~Q3 


Vcc =4. 75V 

V| =0.8V, V| =2V 


IOL = 12mA 




0.25 


0.4 


V 


loi_ = 24mA 




0.35 


0.5 


V 


Q3 


Iol= 4 mA 




0.25 


0.4 


V 


Iol= 8 mA 




0.35 


0.5 


V 


Iozh 


Off-state high-level output current 


Qo~Q3 


Vcc = 5.25V, V| =2V, Vo = 2.7V 






20 


/uA 


Iozl 


Off-state low-level output current 


Qo~03 


Vcc = 5.25V, Vi = 2V, V O = 0.4V 






-20 


juA 


llH 


High-level input current 


Vcc=5.25V, Vi = 2.7V 






20 


i"A 


Vcc = 5.25V, Vi =10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc =5. 25V, Vi =0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Q0-Q3 


Vcc -5.25V, V - V 


-30 




-130 


mA 


03 


-20 




-100 


mA 


ice 


Supply current 


Vcc = 5. 25V (Note 3) 




21 


31 


mA 


leez 


Supply current, all outputs off 


Vcc = 5.25V (Note 4) 




22 


34 


mA 
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SWITCHING CHARACTERISTICS (Vco=5V,Ta=25iC. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 5) 


30 


40 




MHz 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qrj ~ Q3 , Q3 7 




14 


30 


ns 


tPHL 




16 


30 


ns 


tpHL 


High-to-low-level output propagation time, 
from input Rp to output Qg~Q 3 , Q 3 ' 




20 


35 


ns 


tpZH 


Output enable time to high-level 


R L = 2kQ, C L =15pF (Note 5) 




13 


25 


ns 


tpZL 


Output enable time to low-level 


R L = 2kQ, C L =15pF (Note 5) 




15 


25 


ns 


tpHZ 


Output disable time from high-level 


R L = 2kQ, C L =5pF (Note 5) 




11 


17 


ns 


tpLZ 


Output disable time from low-level 


R L =2kQ, C L =5pF (Note 5) 




10 


20 


ns 



Note 5: Measurement circuit 



V CC OUTPUT Vcc 



50Q| 



:R L 



7swi 



5kQ 

-AAAr- 



:C L 



r 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3V P .p,Z o = 50n. 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) Cl includes probe and jig capacitance 



TIMING 


REQUIREMENTS (v cc =5v, Ta=25°c 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input Thigh pulse width 




25 


10 




ns 


tw(Ro") 


Direct reset Rq pulse width 


20 


5 




ns 


tsu(D) 


Setup time Dto T 


20 


9 




ns 


tsu(M/C) 


Setup time M/C to T 


40 


16 




ns 


th(D) 


Hold time D to T 


10 


-1 




ns 


th(M/C) 


M/C hold time to T 


10 


-12 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 



t,r d 



Oo~Q3.Q.3 



tsU(D)th(D) 



tw(T) 



tpHL 



\ 



tsU(D)th(D) 



>^ tw(R D ) *]/ \ 



tPLH 
-e ^ 



r 



M/C 



^ M////M W 



tsU(M/C) th(M/C) 

I* > ' > l 



tsU(M/C) th(M/C) 

k — H*-*i 



V_/~A 



Oo~Q3 



-*>- 



\ 



-*>- 



X 



0.5V* 



OC 



Qo~Q3 



tPZH 



f 



-w- 



-\>r 



tPHZ 



Note 6: The shaded areas indicate when the input is permitted to change 
for predictable output performance. 
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DESCRIPTION 

The M74LS423P is a semiconductor integrated circuit 
containing two retriggerable monostable multivibrator cir- 
cuits with direct reset inputs. 

FEATURES 

• Long pulse widths can be generated using the retrig- 
gerable function 

• Output pulses can be stopped at any time with direct 
reset inputs 

• A, B complementary inputs provided 

• Direct reset pulses with no one-shot operation. 

• High input breakdown voltage (V, > 15V) 

• Q and Q outputs 

• Wide operating temperature range (T a =-20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 



PIN CONFIGURATION (TOP VIEW) 




Outline 16P4 



FUNCTIONAL DESCRIPTION 

Positive pulses appear in output Q and negative pulses in 
output Q by connecting external resistor R T and capacitor 
C T to timing pins Re/Ce and Ce» as shown ' n F '9- 1 on tne 
next page, and by applying a trigger from input A or B. 
(Fig. 2(a)) The width tw of the pulses appearing in the 
outputs is set by R T and C T . When A changes from high to 
low or when B changes from low to high, the trigger is 
applied. 

The retriggerable function is used to obtain long output 
pulse widths and when the trigger is applied from A or B 
immediately before the output pulse is completed, the 



output pulse width can be extended. (Fig. 2(b)) 

Q can be reset immediately low and Q high by setting 
direct reset input R D low irrespective of the status of the 
outputs. The output pulse width can therefore be made as 
short as preferred by the R D signal. (Fig. 2(c)) 

The above functions are the same as for the M74LS123P. 
However, when R^ changes from low to high with A at low 
and B at high for the M74LS123P, the trigger is applied and 
one-shot operation takes place, whereas with the 
M74LS423P one-shot operation does not take place for the 
same change in R D . 



BLOCK DIAGRAM (EACH MONOSTABLE MULTIVIBRATOR) 



TIMING PINS 



Re/Ce C E 



TRIGGER 
INPUTS 



A O- 



B O [>o- 



DIRECT . 

RESET RqO d> 

INPUT ^ 



-P>o-OQ 




OUT- 
PUTS 



MITSUBISHI 
.ELECTRIC 



2-377 



MITSUBISHI LSTTLs 

M74LS423P 

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET 



TIMING TERMINAL EQUIVALENT CIRCUIT 
DIAGRAM 



Re/Ce, Ce 



Vcc 



1.7k€ 



14.4k 



■*- 



-£ 



— ^ — -£ 



< 



t 



r 



UNITS : & 



FUNCTION TABLE (NoteD 



Rd 


A 


B 


Q 


Q~ 


L 


X 


X 


L 


H 


X 


H 


X 


L 


. H 


X 


X 


L 


L 


H 


H 


L 


t 


-TL 


~LT 


H 


1 


H 


_n_ 


i_r 



Note 1 . T : Transition from low to high, (positive edge triggering) 

| : Transition from high to low. (negative edge triggering) 

_n_ '. Positive one-shot operation. 

l_r: Negative one-shot operation. 

X : Irrelevant 

OPERATION DESCRIPTION 
1. How to use the timing pins 

As shown in Fig. 1, external resistor R T and capacitor C T 
are connected to timing pins Re/Ce and Ce. Connect the 
positive to the Re/Ce side and the negative to the C E side 
when using C T with polarity. In this case, it is not necessary 
to connect a switching diode required with the same type 
of TTL IC. With malfunctions caused by noise, connect C E 
to the GND line (neighboring on pin 8) as shown by the 
dotted line in Fig. 1. v cc 



C T 



X- 



GND line 



-r 

To pin Ce 



To pin Re/Ce 

Fig. 1 Connection of external resistor Rj and capacitor Cj 

to timing pins Re/Ce and Ce 
2. Output pulse width tw 

The output pulse width t w is set by R T and C T 
2-1 . When CT is greater than 1000pF 

tw=K-R T -C T (ns)x(l+0.1) 

Depending on the product, fluctuations of about ±10% 

may arise. 



Refer to K-C T characteristics indicated in TYPICAL 

CHARACTERISTICS for value of K. (No change is 

brought to K by value of R T .) 

R T is measured in kilohms and C T in picofarads 

Depending on the product, fluctuations in the order of 

3/-10%may occur. 

R T is measured in kilohms and C T in picofarads 

2-2. When CT is equal to or less than 1000pF 

Refer to the output pulse width versus-C T , R T given 
in the typical characteristics. 

3. Output pulse width control 

The output pulse width can be controlled in 3 ways by 

using, or not using, the trigger signal and R D signal. 

3-1 . Normal use 

This is the normal method of use as a regular 
monostable multivibrator such as that shown in Fig. 
2(a) and the output pulse width t w can be set as for 
the formula and figure in section 2 above. 

3-2. Extension of output pulse width with retrigger func- 
tion 

As shown in Fig. 2(b), the output pulse width can be 
extended as desired by applying a trigger pulse before 
the output pulse is completed. 

3-3. Shortening of the output pulse width with R^ signal 
As shown in Fig. 2(c), the output pulse which has been 
generated by the trigger signal can be terminated with 
the R D signal and it is possible to shorten its width as 



required. 



(a) Normal use 



J~[ 
J= 

( 

J 
J 



Retrigger 
I pulse I 







L 


t 


W-ftp L H 




' 




I, 


tw 






Increase with 
retrigger pulse 


J 








> 



(b ) Extension of output pulse width with retrigger 



Rd 



Decrease with 
Rd pulse 



(c ) Shortening of output pulse width with Rq signal 

Fig. 2 Output pulse width control 
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4. Precautions with use 

4-1. Apply the retrigger pulse after a wait of 0.22C T (ns) 
upon application of the trigger pulse. C T is measured in 
picofarads. The retrigger pulse during this period is 
ineffective. 

4-2. In order to minimize the floating capacitance and to 
safeguard against malfunction caused by noise, make 
the R T and C T wiring as short as possible (less than 
3cm) and avoid signal wires which may be conducive 
to noise. 



4-3. Connect an external capacitor of 0.01 — O.lpiF with 
good high-frequency characteristics between pins V cc 
and GND. 

4-4. The output pulse is generated when the power is 
switched on. 



ABSOLUTE MAXIMUM RATINGS (Ta= -20- +75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+ 7 


V 


Vi 


Input voltage 




-0.5-+15 


V 


V 


Output voltage 


High-level stage 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ +75C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.7V 







-400 


mA 


>OL 


Low-level output current 


V O L^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 


Rt 


External timing resistance 


5 




260 


kQ 


Ct 


External timing capacitance 


None 


Cr 


Re/Ce Pin wiring capacitance 






50 | pF 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75t;, unless otherwise noted) 



Symbol 


Parameter 




Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V. |, c =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Vcc = 4.75V, V|=0.8V 
V|=2V, l O H=-400/M 


2.7 


3.5 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V| = 2V 


'0L= 4 mA 




0.25 


0.4 


V 


Iql= 8 mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


MA 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O =0V 


-20 




-100 


mA 


Ice 


Supply current 


V C c = 5.25V (Note 3) 




12 


20 


mA 



* : All typical values are at V CC =5V, T a =25°C. 

Note 2: All measurements should be done quickly and not more than one output should be shorted at a time. 

Note 3: Ice is measured with Re/Ce and Ce open, 4.5V applied to Rp, A and B and A" set from OV momentarily to 4.5V. 
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SWITCHING CHARACTERISTICS (Voo= 5V. Ta=25C. unlessctherwisenoted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level output propagation time, from input A to output Q 


C T = pF 
R T = 5kQ 
C L =15pF (Note 4) 






33 


ns 


tpi_H 


Low-to-high-level output propagation time, from input B to output Q 






44 


ns 


tpHL 


High-to-low-level output propagation time, from input A to output Q 






45 


ns 


tpHL 


High-to-low-level output propagation time, from input B to output Q 






56 


ns 


tpHL 


High-to-low-level output propagation time, from input Rq to output Q 






27 


ns 


tpLH 


Low-to-high-level output propagation time, from input Rpto output Q 






45 


ns 


twQ(min) 


Minimum output pulse width, from inputs A . B to output Q 






200 


ns 


two 


Output pulse width, frorrr inputs A , Bto output Q 


C T =IOOOpF. R T =10kQ 
C L =15pF (Note 4) 


4 




5 


/iS 



Note 4: Measurement circuit 



50Q< 



Vcc 

_L 



T 



^=C L 



w 



(1 ) The pulse generator (PG) has the following characteristics: 

PRR = 1MHz (100kHz with t WQ measurement), t r =6ns, t f =6ns, t w >40ns, V P =3V P . P , Z o =50ft. 

(2) Cl includes probe and jig capacitance 



TIMING REQUIREMENTS CVcc= 5V. Ta= 25 C C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(A) 


Trigger input A pulse width 




40 






ns 


tw(B) 


Trigger input B pulse width 


40 






ns 


tw(Ro) 


Direct reset input pulse width R D 


40 






ns 



TIMING DIAGRAM (Reference level = 1.3V) 

,tw(A), „tw(A), 



_f^c 



z_ 



r 
J" 



twQ, twQ(min) 



tPHL 



» 

r 



tw(B) Ltw(B) 
- ^ r « »- 



\J~\ 

£ 



twQ, twQ(min) 



tPHL 



X 



r 



Rd 



^(Rd), 




L 

f 
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DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET 



TYPICAL CHARACTERISTICS 



OUTPUT PULSE WIDTH VS C T , Rt 

(Ct^IOOOpF) 



10 
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10000 



EXTERNAL CAPACITANCE Cj (pF) 

Note 5: The error of the output pulse width in the above graph is within ±20%. 
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EXTERNAL CAPACITANCE C T (pF) 



OUTPUT PULSE WIDTH VARIATION VS 
SUPPLY VOLTAGE 



5 

4 

3 

2 

1 



- 1 

-2 

-3 

-4 

-5 















Ta 
Rt 


F" I 
= 25°C 


I 














= 10kQ 














Ut 
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SUPPLY VOLTAGE Vqc (V) 



OUTPUT PULSE WIDTH VARIATION VS 
AMBIENT TEMPERATURE 
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DUAL 4-BIT DECADE COUNTER 



DESCRIPTION 

The M74LS490P is a semiconductor integrated circuit 
containing a dual circuit asynchronous decade counter with 
direct reset input and direct 9-set input. 

FEATURES 

• Two integral circuits (the functional equivalent of LS90 
and LS290) provide high mounting density capability 

• Individual clock, direct clear, and set-to-9 inputs for 
each decade counter 

• High-speed counting (fmax = 35MHz typical) 

• Wide operating temperature range (T a = —20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

FUNCTIONAL DESCRIPTION 

This device functions to produce binary-coded decimal 
output at Q A , Q B , Q c , and Q D in response to count pulse 
input at clock input T. Counting occurs when T transits 
from high to low-level. A high-level status at direct reset 
input R D or direct 9-set input S D ( 9 ) initiates reset or a 
setting to 9 respectively. When operated as a counter, R D 
and S D ( 9 )are set low-level. 



PIN CONFIGURATION (TOP VIEW) 



CLOCK 



NPUT 1T ~ > [T~~7 > 

DIRECT RESET 1Rr ^_. rr_i Ro 
INPUT 1R D— LLH*d 

OUTPUT 1Qa*- |T-|Q* 

DIRECT 1S n^-* IT 
9-SET lbD 0)^ LI 



1Qb«-[T 
1Qc— [T 



1Qd« 
GND 



H 



"V>r 



— Sd(9] 

-Ob 

-0c 

0d 



£-H 



1 
15l' 



Rd 
0a 

Sd(9 

Ob 
QcU 

0d 



Vcc 



-2T 



CLOCK 



INPUT 

-m]*-2Rd DIRECT 
— I U RESET INPUT 

-]3) ->2Q A OUTPUT 

-T?l 4-9Q n , n ^ DIRECT 
2£J ^ ZS D(9) g. SET 

INPUT 

-TT] — 2Q B | 

-T5] -*2Q G OUTPUTS 
-7|->2Q D ) 



Outline I6P4 



BLOCK DIAGRAM (Applicable to each circuits) 
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FUNCTION TABLE (Noten 



T 


Rd 


SD(9) 


Qa 


Qb 


Oc 


Od 


X 


H 


L 


L 


L 


L ' 


L 


X 


L 


H 


H 


L 


L 


H 


1 


L 


L 


Count 



Notel. I : Transition from high to low 
(negative edge trigger) 
X : Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~ + 75'C, unless otherwise noted.) 



Count 


Qa 


Qb 


Qc 


Qd 





L 


L 


L 


L 


1 


H 


L 


L 


L 


2, 


L 


H 


L 


L 


3 


H 


H 


L 


L 


4 


L 


L 


H 


L 


5 


H 


L 


H 


L 


6 


L 


H 


H 


L 


7 


H 


H 


H 


L 


8 


L 


L 


L 


H 


9 


H 


L 


L 


H 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 


INPUT T 


-0.5-+5.5 


V 


INPUT R D .S D (9) 


-0.5-+15 


V 


v 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~-f75 


°c 


Tstg 


Storage temperature range 




-65-+150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a = -20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply'voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V OH ^2.7V 







-400 


M& 


lOL 


Low-level output current 


Voi_<0.4V 







4 


mA 


Vol^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~-+75 o C, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


VlH 


High-level input voltage 




2 






V 


V|L ■ 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, hc=- T 18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c = 4.75V, V|=0.8V 
V|=2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 
V|=0.8V, V|=2V 


IOL=4mA 




0.25 


0.4 


V 


loi_ =8rn A 




0.35 


0.5 


V 


Iih 


High-level input current 


Rd,S D (9) 


V C c = 5.25V, V, = 2.7V 






20 


^A 


T 






100 


Rd, S D (9) 


V C c = 5.25V, V|=10V 






0.1 


mA 


T 


V C c = 5.25V, V| = 5.5V 






0.2 


IlL 


Low-level input current 


Rd,S D (9) 


V C c = 5.25V, V| = 0.4V 






-0.4 


mA 


T 






-1.6 


■ OS 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O =0V 


-20 




-100 


mA 


ice 


Supply current 


V C C=5.25V (Note 3) 




15 


26 


mA 



* I All typical values are at V cc = 5V,T a = 25 C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 

3. Iqc ' s measured with all outputs open, both Rp and So©) inputs grounded following momentary connection to 4.5V; all other inputs grounded. 



MITSUBISHI 
l ELECTRIC 



2-383 



MITSUBISHI LSTTLs 

M74LS490P 

DUAL 4- BIT DECADE COUNTER 



SWITCHING CHARACTERISTICS (V 0=5V,Ta=25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency (from input T to output Qa) 


C L =15pF (Note 4) 


25 


35 




MHz 


tpiJH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to output Qa 




8 


20 


ns 


tpHL 




8 


20 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qb. Qd 




20 


39 


ns 


tpHL 




22 


39 


ns 


tpLH 


■ Low-to-high-level, high-to-low-level output propagation 
time, from input T to output Qc 




30 


54 


ns 


tpHL 




30 


54 


ns 


tpHL 


High-to-low-level output propagation time, from input 
R D to outputs Q A , Qb, Qc- Q D 




11 


39 


ns 


*PLH 


Low-to-high-level output propagation time, from input 
S D(9 ) to outputs Q a ,Qd 




11 


39 


ns 


*PHL 


High-to-low-level output propagation time, from input 
Sqo) to outputs Q B , Qc 




12 


36 


ns 



Note 4. Measurement Circuit 



Circuit | 


NPUT 
p 


Voo 

? 


OLT 

c 


rpUT 






DUT 




PG 




















50Q ; 


1 


r L 



(1 ) The pulse generator (PG) has the following characteristics: 

PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, V P =3Vp.p, Z = 50fi. 

(2) C[_ includes probe and jig capacitance. 



TIMING REQUIREMENTS (Vcc=5V,T a =25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(T) 


Clock input T pulse width 




20 


5 




ns 


tw(R D ) 


Direct reset Rp pulse width 




20 


4 




ns 


tw(S D ) 


Direct 9-set Sqo) pulse width 




20 


4 




ns 


tr 


Clock pulse rise time 






400 


100 


ns 


tf 


Clock pulse fall time 






300 


100 


ns 


tree (r d ) 


Rd recovery time to T 




25 


8 




ns 


trec(s D ) 


Sd(9) recovery time to T 




25 


8 




ns 



TIMING DIAGRAM (Reference level = 1.3V) 

t w (T) 



t^i ; 



Qa , Qb . Qc . Qd 



\. 



\ 



SD(9) 



/ V 



r 



Rd 



/ — \ 



Qa.Qb.Qc. Qd 



tw(R D ) 



Qb, Qc 



Sd(9) 



tw(s D ) 



tree (s D ) 



\ 



"A 

tpHL V 



/ 



* »h tree (Rd) 



tpHL *" 



/ 



Qa.Qd 



tw<So) 



\ 



tree (s D ) 



\ 



/ 



\ 



tPLH 
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OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (INVERTED) 



DESCRIPTION 

The M74LS540P is a semiconductor integrated circuit 
containing 1 block of buffer with 3-state inverted output 
and common output control input for all 8 discrete circuits. 

FEATURES 

• Small input load factor (pnp input) 

• Hysteresis provided (= 400m V typical) 

• High breakdown input voltage (Vj>5V) 

• Output control inputs provided (OC! , OC 2 ) 

• High fan-out, 3-state output 
(l OL =24mA, Iqh =-15mA) 

• Data flow-thru pin out 

• Wide operating temperature range. (T a = -20~ + 75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The use of pnp transistors in the input circuits has enabled 
the achievement of small input load factor and input high 
break-down voltage. With hysteresis characteristics, the 
buffer has a 3-state inverted output with high noise margin. 
When output control inputs OCi and OQj are l°w, a high- 
level signal appears at output Y if input A is low and a low- 
level signal appears if it is high. 

All outputs are set to the high-impedance state regard- 
less of the status of A when OC^ and OC 2 are in any other 
state. 

The input and output pins are arranged for facilitated 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT , — I ^^ 

CONTROL OCi-*|l -\ 1 

INPUT L — \Ld \ 

fA,^[7. ^"^ 



a 2 — QX ~\y°- 

A 3 -*[i-\\-^- 

A 4 -*[T- 

A5 -*[?- 

A 6 —[I-\ ^^ u "- 

a7-*HaMs£°i. 

a 8 — [T 

GND [To 



I: 



20) v C c 

— , OUTPUT 

191 «~ OC2 CONTROL 
INPUT 

n]— y 2 
jD— y 3 

-jD — y 6 

]2\-+ Y 7 

-77] — y 8 



Outline 20P4 



FUNCTION TABLE (Noun) 




A 


ccT 


ocj 


Y 


L 


L 


L 


H 


H 


L 


' L 


L 


X 


L 


H 


Z 


X 


H 


L 


Z 


X 


H 


H 


Z 



Notel: Z ' high-impedance 
X '. irrelevant 



board layout (data flow-thru pin out). 



CIRCUIT DIAGRAM (EACH BUFFER) 



Y 3 



Y 4 Y 5 



Y 6 
-©- 



Y, Y 8 



Voc 




pinArAnApAnApAnA 



v2/vl 

OC 2 OC! 



— &— <b — © — (s) — (2) — (y — ®—^y 



a 3 



A 5 



A 8 



GND 



OUTPUT CONTROL INPUTS 
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ABSOLUTE MAXIMUM RATINGS (Ta = - 20 +75C, unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


Off-state 


-0.5- + 5.5 


V 


Topr 


Operating free-air ambient temperature range 


/ 


-20- + 75 


°c 


Tstg 


Storage temperature range 




-65- +150 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75'C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V OH ^2.4V 







-3 


mA 


V H^ 2 V 







-15 


mA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


V O L^0.5V 







24 


mA 



* : All typical values are at Vcc = 5V, Ta = 25°C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 



ELECTRICAL CHARACTERISTICS (Ta = - 


20 — + 75°C , un less otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


V-r.-V-r. 


Hysteresis 


V CC = 4.75V 


0.2 


0.4 


, 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C =-18mA 






-.1.5 


V 


Vqh 


High-level output voltage 


Vcc = 4. 75V 
V|=2V 


V|=0.8V, l H=-3mA 


2.4 


3.4 




V 


V| =0.5V, l H=-15mA 


2 






V 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.8V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


V 


Iozh 


Off-state high-level output current 


V C C = 5.25V. V|=2V. V = 2.7V 






20 


*A 


l0ZL 


Off-state low-level output current 


V C c = 5.25V. V|=2V, V o =0.4V 






-20 


/M 


llH 


High-level input current 


Vcc = 5.25V, V|=2.7V 






20 


juA 


V C c = 5.25V, V|=I0V 






0.1 


mA 


Iil 


Low-level input current 


Vcc = 5.25V, V|=0.4V 






-0.2 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5. 25V. V O =0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


V C c = 5.25V, V|=0V 




13 


25 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V|=0V, V|=4.5V 




24 


45 


mA 


Iccz 


Supply current, all outputs off 


Vcc = 5.25V. V|=4.5V 




30 


52 


mA 



SWITCHING CHARACTERISTICS (v C c=5V, 


Ta = 25°C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L = 45pF 
(Note 3) 






15 


ns 


tpHL 






15 


ns 


tpZL 


Output enable time to low-level 


Rl = 667Q, Ci_ = 45pF (Note 3) 






38 


ns 


tpZH 


Output enable time to high-level 


R L =667Q, C L = 45pF (Note 3) 






25 


ns 


tpi_Z 


Output disable time from low : level 


R L =667Q, C L =5pF (Note3) 






25 


ns 


tpHZ 


Output disable time from high-level 


Rl = 667Q C L ^5pF (Note3) 






18 


ns 
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OCTAL BUFFER/LINE DRIVER WITH 3 -STATE OUTPUT (INVERTED) 

Note 3: Measurement circuit 



INPUT 
p 



PG 



Vcc OUTPUT Vcc 

? ? 

Ri3 



DUT 



7swi 

H? HUH 



5kQ 

-ANV- 



t Cl 

irr 



7SW2 



I 



Parameter 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6ns, t w = 500ns, 

Vp = 3V P .p t Z = 5012 

(2) All diodes are switching diodes (t rr ■£ 4ns) 

(3) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (NONINVERTED) 



DESCRIPTION 

The M74LS541P is a semiconductor integrated circuit 
containing 1 buffer block with 3-state non-inverted out- 
puts and is provided with output control inputs which are 
common to 8 circuits and which are independent. 

FEATURES 

• Small input load factor (pnp input) 

• Hysteresis provided (=400mV typical) 

• High breakdown input voltage (V| > 15V) 

• Output control inputs provided (OCi , C0 2 ) 

• High fan-out 3-state outputs 
(l OL = 24mA, Iqh = -15mA) 

• Data flow-thru pin out 

• Wide operating temperature range (T a =-20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

Since pnp transistors are used for the input circuits, the 
input load factor is small and a input high breakdown 
voltage is provided. The 3-state non-inverted output buffers 
have a high noise margin due to hysteresis. 

When OCi or OC 2 is low, low appears in output Y if 
input A is low, and high appears in Y if A is high. 

All outputs are set to the high-impedance state when 
OCi and OC 2 are in any other state. 

The input and output pins are arranged for facilitated 
board layout (data flow-thru pin out). 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT . 

CONTROL OCi ->\T- 
INPUT *— ■ 
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A 2 
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FUNCTION TABLE 


(Note 1 ) 




A 


ocT 


oc7 


Y 


L 


L 


L 


L 


H 


L 


L 


H 


X 


L 


H 


Z 


X 


H 


L 


Z 


X 


H 


H 


z 



Note 1 Z : High-impedance 
X I irrelevant 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta= -20~ + 75*C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


V| 


Input voltage 




-0.5- +15 


V 


Vo 


Output voltage 


Off-state 


-0.5- 4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- 4-75 


°c 


Tstg 


Storage temperature range 




-65- 4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~4-75'C , unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V H^2.4V 







-3 


mA 


Voh^ 2 V 







-15 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -2u~+75'C. unless otherwise noted ) 



Symbol 


Parameter 








Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vt+-V T - 


Hysteresis width 


V C c = 4.-75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V 
V|=2V 


V|=0.8V, | 0H =-3mA 


2.4 


3.4 




V 


V|=0.5V, l H=-15mA 


2 






V 


Vol 


Low-level output voltage 


Vcc = 4.75V • 
V|=0.8V, V|=2V 


loL=12mA 




0.25 


0.4 


V 


loL = 24mA 




0.35 


0.5 


V 


l0ZH 


Off-state high-level output current 


Vcc=5.25V, V|=2V, V = 2.7V 






20 


,"A 


l0ZL 


Off-state low-level output current 


V C c=5.25V, V|=2V, V O = 0.4V 






-20 


A^A 


llH 


High-level input current 


V C c = 5.25V, V|=2.7V 






20 


j"A 


Vcc=5.25V, V|=I0V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.2 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V O =0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V, V|=0V, V|=4.5V 




18 


32 


mA 


ICCL 


Supply current, all outputs low s 


V C c=5.25V, V|=0V, V|=4.5V 




30 


52 


mA 


Iccz 


Supply current, all outputs disabled 


Vcc=5.25V, V|=0V, V|=4.5V 




32 


55 


mA 



* : All typical values are at V cc = 5V, T a = 25°C. 
•' Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS (v cc =5v 


Ta = 25°C. unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tp L H 


Low-to-high-level, high-to-low-level output propagation 
time, from input A to output Y 


C L = 45pF 
(Note 3) 






15 


ns 


tpHL 






18 


ns 


tpZL 


Output enable time to low-level 


R L = 667Q, Ol = 45pF (Note 3) 






38 


ns 


tpZH 


Output enable time to high-level 


Rl = 667Q, Cl=45pF (Note3) 






32 


ns 


tPLZ 


Output disable time from low-level 


Rl = 667Q, C L =5pF (Note3) 






29 


ns 


tpHZ 


Output disable time from high-level 


R L = 667Q C L =5pF (Note3) 






18 


ns 
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Note 3: Measurement circuit 



INPUT 
O 



Vcc 



OUTPUT Vcc 



W 



/SW1 

l <? ww w 



5kQ 

-AAAr- 



t Cl 



6 /s\NZ 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3V P .p, Z = 5012. 

(2) All diodes are switching diodes (t rr .i£ 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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DESCRIPTION 

The M74LS595P is a semiconductor integrated circuit con- 
taining an 8-bit serial input/parallel output shift register 
function with a 3-state output latch. 

FEATURES 

• 8-bit serial in, parallel out shift register with latch 

• Shift register has direct reset (R SFT ) 

• Independent clock input pins (Tsft* Tlat) 

• 3-state, high fan-out outputs (Q ~Q 7 )0ol = 24 mA, 
Ioh = -2.6mA) 

• Cascade output pin provided (Q 7 ') 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATIONS 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

The shift register bits are each composed of two flip-flops. 
Separate clocks are used for shifting and latching. 

The shift clock input T S ft and 'a tcn clock input T LA t 
are independent, and the shift or latch operation is per- 
formed when the respective pin changes from low to high, 

Serial data input D s is the data input of the first stage 
shift register and when it is high and a pulse is applied to 
TsFTr tne high signal enters the shift register in sequence. 
When D s is low and a pulse is applied to T S ft, "the low 
signal enters the shift register in sequence. 



PIN CONFIGURATION (TOP VIEW) 
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PUTS 
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GND (T 
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Outline 16P4 



When the pulse is applied to T L at, the contents of the 
shift register are stored in the latch register and appear at 
Qo~Q 7 . Q ~Q7 are 3-state outputs with buffers. Cascade 
output Q 7 ' at which the output of the eighth shift register 
appears is used for expanding the number of bits. 

When T S ft ar| d T LA t a re connected for use, the shift 
register state with a 1 clock delay is output to Qo~Q 7 . 



BLOCK DIAGRAM 
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When shift register reset input Rsft is set low, the shift 
register and Q 7 ' are reset. In order to reset Q ~Q 7f the 
state of T L at must be changed from low to high after the 
shift register has been reset by Rsft- 



When a high signal is applied to output control input OC f 
Q ~Q7 are put in a high-impedance state but Q 7 ' does not 
change. OC status changes have no effect on the shift opera- 
tion. 



FUNCTION TABLE (Note D 







Input 


3-state output 


Cascade 
output Q'7 






TsFT 


Tlat 


D s 


OC 


Qo 


Qi 


02 


03 


04 


Qs 


06 


07 


Rsft 


Reset 


Shift t! 


L 


X 


X 


X 


. L 


Qo° 


0i° 


Q2 


03° 


Q 4 ° 


Qs° 


06° 


Q 7 ° 


L 


Latch t 2 


X 


X 


t. 


X 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


Shift/latch 
operation 


Shift t! 


H 


t 


X 


H 


L 


Qo° 


Qi° 


Q2 


Q3° 


Q4 


Q 5 ° 


06° 


Q 7 ° 


q 6 ° 


Latch t 2 


H 


X 


T 


X 


L 


H 


qo° 


Q1° 


Q2° 


q 3 ° 


q4° 


q 5 ° 


q 6 ° 


q 6 ° 


Shift t t 


H 


r 


X 


L 


L 


Qo° 


Qi° 


Q 2 ° 


Q3° 


Q4° 


Q 5 ° 


Q 6 ° 


Q7° 


q 6 ° 


Latch t 2 


H 


X 


t 


X 


L 


L 


Qo 


q! 


q 2 ° 


q 3 ° 


q 4 ° 


q 5 ° 


q 6 ° 


q 6 ° 


3-state 


X 


X 


X 


X 


H 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


q7 



Note 1 . t : transition from low to high level (positive edged trigger) 

qO ; level of Q before the indicated steady-state input conditions were established 

X : Irrelevant 

qO : contents of shift register before Tsft ' s applied 

q '. shift register contents 
1 1 , 1 2 • t 2 is set after ti has been set 

Z I high-impedance state 



ABSOLUTE MAXIMUM RATINGS (Ta^ 



-20 — h,75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


V'| 


Input voltage 




-0.5- +15 


V 


v 


Output voltage 


Qo~Q? 


High-level state 


-0.5- + 5.5 


V 


Q 7 ' 


Off-state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65- +150 


°C 



RECOMMENDED OPERATING CONDITIONS (T a =-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output 
current 


Qo~07 


V h^2.4V . 







-2.6 


mA 


Q7' 


V H^2.7V 







-400 


/iA 


lOL 


Low-level output 
current 


Qo~Q7 


V O L^0.4V 







12 


mA 


V O l^0.5V 







24 


mA 


Q7 


V O l^0.4V 







4 


mA 


Vql^0.5V , 







8 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20-+75-C. unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 




• i 




0.8 


V 


Vic 


Input clamp voltage 


V CC = 4.75V, l|o=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Qo~Q? 


Vcc = 4.75V 
V|=0.8V, V|=2V 


Ioh=— 2.6mA 


2.4 


3.1 




V 


07 


Ioh=— 400^A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


Qo~Q7 


Vcc = 4.75V 

V|=0.8V 

V|=2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


07' 


IOL=4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


'OZH 


Off-state high-level output current 


Qo~Q7 


V C c=5.25V, V|=0.8V, V|=2V, V = 2.7V 






20 


//A 


'OZL 


Off-state low-level output current 


Qo~Q7 


Vcc=5.25V,V|=0.8V,V|=2V,V O =0.4V 






-20 


/iA 


llH 


High-level input current 


Vcc = 5.25V 


V|=2.7V 






20 


*A 


V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Ds 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


Input except Ds 






-0.2 


mA 


'os 


Short-circuit output current (Note 2) 


Qo~Q7 


V C c = 5.25V, V =OV 


-30 




-130 


mA 


07 


-20 




-100 


mA 


'CCH 


High-level supply current 


Vcc = 5.25V, V|=0V, V| = 4.5V 




29 


50 


mA 


'CCL 


Low-level supply current 


Vcc = 5.25V, V|=0V, V|=4.5V 




39 


65 


mA 


Iccz 


Off-state supply current 


Vcc = 5.25V, V|=0V, V|=4.5V 




41 


65 


mA 



* : All typical values are at Vcc = 5V, Ta = 25 C. 
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 



SWITCHING CHARACTERISTICS ( V CC = 5V. T a =25°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'max 


Maximum repeat frequency 


C L =15pF (Note 3) 


20 


25 




MHz 


tpLH 


Low-to-high, high-to-low output propagation time, from 
input T S ft to output Q'7 




11 


18 


ns 


tpHL 




16 


25 


t PHL 


High-to-low output propagation time from input Rsft 
to output Q'7 




19 


35 


ns 


tpLH 


Low-to-high, high-to-low output propagation time, from 
input T|_ A j to outputs Qq ~ Q7 


C L =45pF (Note 3) 




12 


18 


ns 


tpHL 




22 


35 


■ tpZH 


Output enable time to high level 


R L = 667Q, C L =45pF (Note 3) 




16 


30 


ns 


tpZL 


Output enable time to low level 




20 


38 


ns 


tpHZ 


Output disable time to high level 


R L =667Q, C L =5pF {Note 3) 




22 


30 


ns 


tpLZ 


Output disable time to low level 




17 


38 


ns 



Note 3. Measurement circuit 



INPUT. 




Vcc 



50Q 



itr 



OUTPUT Vcc 

9 
Rl| 



/SW1 



5kQ 
-AAAr- 



t Cl 



4'" 



Parameter 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


tpi_Z 


Closed 


Closed 


tpHZ 


Closed 


Closed 



The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, t f = 6ns, 
t w = 500ns, V P = 3Vp. P , Z = 50 ohms. 
All diodes are switching diodes (t rr <4ns). 
C|_ includes probe and jig capacitance. 
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TIMING 


REQUIREMENTS (v cc =5V. T a = 25°c, 


unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


twCTsF-r) 


Shift clock input pulse width 




25 


22 




ns 


^(Tlat) 


Latch clock input pulse width 


20 


12 




ns 


^(R^) 


Shift register reset pulse width 


20 


10 




ns 


tsil(Ds) 


Setup time D s to Ts ft 


20 


12 




ns 


^(Ds) 


Hold time D s to Tsft 


2 


-1 




ns 


trec(Ri77) 


Recovery time RgpT tQ TsFT 


20 


12 




ns 


tsu(TsFr T ) 


Setup time Tsft to Tlat 


40 


12 




ns 



TIMING DIAGRAMS (Reference level = 1.3V) 

^____^ t SU(Ds) . 

Ds 



Tsft 



Tlat 



Qo~Q 7 



Qi' 



t. '.ifk—/ \ , 



r, 



th (Ds)y- 



p V 1 w(Tsft) r 

\ — i- 

fw(TsFT) [ 1 

SU(TSFT) tj 



/ Jw(Tlatj Y 



x w(Tlat) 



_7 




su(Tsft) 

<: — >< J 



J 



2l 



RSFT 



Tsft 



Tlat 



Qo~Q? 



<?7 



OC 



~\ 



Qo~Q? 



Qo~07 



I 



tpZL 



\ 



ib 



■iY 



"1 


^(RsFT) |— 

^- ^ 

' t tree (Rsft ) 




7 




r\ 


/ 

r 




tpHL \ 



I 






jf 



0.5V 
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DESCRIPTION 

The M74LS596P is a semiconductor integrated circuit 
containing an 8-bit serial input/parallel output shift register 
function with an open collector output latch. 

FEATURES 

• 8-bit serial in parallel out shift register with latch. 

• Shift register has direct reset (Rsft) 

• Independent clock input pins 0~ S ft' ^lat ) 

• Open-collector, high fan-out outputs (Qo~Q 7 ) (l n = 
24mA) 

• Cascade output pin provided (Q' 7 ) 

• Wide operating temperature range (T a = — 20 ~ +75° C) 

APPLICATIONS 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

The shift register bits are each composed of two flip-flops 
Separate clocks are used for shifting and latching. 

The shift clock input Tsft and latch clock input T LAT 
are independent, and the shift or latch operation is 
performed when the respective pin changes from low to 
high. 

Serial data input D s is the data input of the first stage 
shift register and when it is high and the pulse is applied to 
Tsft, the high signal enters the shift register in sequence. 
When D s is low and a pulse is applied to T S ft' tne ' ow 
signal enters a shift register in sequence. 



PIN CONFIGURATION (TOP VIEW) 
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When a pulse is applied to T LAT , the contents of the 
shift register are stored in the latch register and appear at 
Qo~Q 7 . Q ~Q7 are open collector outputs with buffers. 

Cascade output Q 7 ' at which the output of the eighth 
shift register appears is used for expanding the number of 
bits. 

When T SF t and T LAT are connected for use, the shift 
register state with a 1 clock delay is output to Q ~Q7. 

When shift register reset input Rsft ' s set ,ow * the shift 
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GND 



* : OPEN COLLECTOR 
OUTPUTS 
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register and Q' 7 are reset. In order to reset Q ~(l 7 , the 
state of T LAT must be changed from low to high after the 
shift register has been reset by Rsft- 



When a high signal is applied to output enable input E , 
Q ~Q 7 are set high but Q 7 ' does not change. E status 
changes have no effect on the shift operation. 



FUNCTION TABLE (NoteD 







Input 


Open collector output 


Cascade 
output Q'7 


Operating moae 


Rsft 


TsFT 


Tlat 


Ds 


Eo 


Qo 


Qi 


Q 2 


Q 3 


Q4 


Qs 


Qe 


Qi 


Reset 


Shift tt 


L 


X 


X 


X 


L 


Qo° 


Qi° 


Q 2 ° 


Q3° 


Q 4 ° 


05° 


Q 6 ° 


Q7° 


L 


Latch t2 


X 


X 


t 


X 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


Shift/latch 
operation 


Shift t! 


H 


T 


X 


H 


L 


Qo° 


Qi° 


02° 


Q3° 


Q 4 ° 


Q5° 


Q 6 ° 


Q 7 ° 


q 6 ° 


Latch t 2 


H 


X 


T 


X 


L 


H 


P0° 


qi° 


Q2° 


q 3 ° 


q4° 


q 5 ° 


q 6 ° 


q 6 ° 


Shift t-, 


H 


T 


X 


L 


L 


Qo° 


Ql° 


Q 2 ° 


Q3° 


Q4° 


Q 5 ° 


Q6° 


Q 7 ° 


qe° 


Latch t 2 


H 


X 


t 


X 


L 


L 


q ° 


qi° 


q 2 ° 


q 3 ° 


q4° 


q 5 ° 


q 6 ° 


q°6 


Output disable 


X 


X 


X 


X 


H 


H 


H 


H 


H 


H 


H 


H 


H 


^7 



Note . t • transition from low to high level (positive edged trigger) 

Q°: level of Q before the indicated steady-state input conditions were established 

X '. irrelevant 

qO : contents of shift register before Tsft ' s applied 

q : shift register contents 

1 1, 1 2 '• t2 is set after ti has been set 



ABSOLUTE MAXIMUM RATINGS ( T ^= 20~ +75*C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


v, 


Input voltage 




-0.5-+15 


V 


v 


Output voltage 


Q0-Q7 


High-level state 


-0.5-+7 


V 


Q7 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


°C 


Tstg 


. Storage temperature range . 




-65-+150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20+75^, 



unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output 
current 


Qo~Q7 


V = 5.5V 







100 


M 


Q7' 


V H^2.7V 







-400 


^A 


lOL 


Low-level output 
current 


Qo~07 


V O L^0.4V 







12 


mA 


V O l^0.5V 







24 


mA 


Q? 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 
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ELECTRICAL CHARACTERIST 


ICS(Ta=-20 


- 4- 75'C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, |, c =-18mA 






-1.5 


V 


Voh 


High-level output voltage 


Q? 


V C c = 4.75V, V|=0.8V, 
V|=2V, l O H=-400/iA 


2.7 


3.4 




V 


'OH 


High-level output voltage 


Qo~Q? 


V C c = 4.75V, V|=0.8V, 
V|=2V, V = 5.5V 






100 


J"A. 


Vol 


Low-level output voltage 


Qo~Q? 


V C c = 4.75V 

Vi=0.8V 

V|=2V 


l0L=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


Q? 


IOL=4mA 




0.25 


0.4 


V 


l0L=8mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V 


V|=2.7V 






20 


AiA 


V|=10V 






0.1 


mA 


Iil 


Low-level input current 


Ds 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


Input except Ds 






-0.2 


mA 


los 


Short-circuit output current (Note 2) 


Q? 


V C c = 5.25V, V = OV 


-20 




-100 


mA 


•CCH 


High-level supply current 


V C c=5.25V, V|=0V, V|=4.5V 








mA 


ICCL 


Low-level supply current 


V C c=5.25V, V|=0V, V|=4.5V 








mA 


'ccz 


Off-state supply current 


Vcc=5.25V, V|=0V, V|=4.5V 








mA 



* : aii 

Note 2: 



values are at Vcc=5V, Ta = 25"C 

All measurements should be done quickly and not more than one output should be shorted at a 'time. 



SWITCHING CHARACTERISTICS (V CC =5V. T a = 25"C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'max 


Maximum repeat frequency from input T S pj to output Q'7 


R L =2kQ, C L =15pF (Note 3) 


20 


25 




MHz 


tpi_H 


Low-to-high, high-to-low output propagation time, from 
input T S ft to output Q'7 




16 


21 


ns 


tpHL 




12 


30 


tpHL 


High-to-low output propagation time 
from input Rsft to output Q'7 




19 


35 


ns 


tpi_H 


Low-to-high, high-to-low output propagation time, from 
input Tlat to outputs On - Q7 


R L =667 Q , C L =45pF (Note 3) 




24 


42 


ns 


tpHL 




23 


35 


tpLH 


Low-to-high, high-to-low output propagation time, from 
input E to output Qq — Q9 




30 


60 


ns 


tpHL 




12 


38 



Note 3. Measurement circuit 



Vcc 



777 



Vcc OUTPUT 



777- 



(1 ) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r 6ns, t f = 6ns, t w = 500ns, V P = 3V p . p , 
Z = 50 ohms. 

(2) C|_ includes probe and jig capacitance. 
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TIMING REQUIREMENTS (V C C=5V, Ta = 25°C. unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(TsFT) 


Shift clock input pulse width 




25 


22 




ns 


twCTLA-r) 


Latch clock input pulse width 


20 


12 




ns 


^(RiFf) 


Shift register reset pulse width 


20 


9 




ns 


•tsuCDs) 


Setup time D s toTsFT 


20 


12 




ns 


thCDs) 


Hold time D s to Tsft 


2 


-1 




ns 


trec(Ri^) 


Recovery time Rsft *° Tsft 


20 


12 




ns 


tsu(TsF-r) 


Setup time Tsft t0 Tlat 


40 


12 




ns 



TIMING DIAGRAMS (Reference level = 1.3V) 



Ds 



Tsft 



Tlat 



Qo~Q7 



0? 



tsU(Ds) 



_» / A— 



tsu(Ds) J V, 

7 "Jw(T S Ft)T 
' tsU(TsFT). *■ 



th(Ds)y- 

7 



^wCTsft) 



j. 



Jw(Tlat) Y 



J tsU(TsFT) 



^(Tlat) 




7 



1_ 



Rsft * 


iw(rsft) 


Tsft 




LreccRsFT; 

7 


Tlat 


/ \ 


/ 

r 


00~07 


\_ 


Q?' 


tpHL"f 
h -l\ 



Eo 



Oo~Q? 



\ / 



tpLH 

■« — >■ 



\ 



T 
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DESCRIPTION 

The M74LS620P is a semiconductor integrated circuit 
containing an octal bus transmitter/receiver with a tri-state 
inverted output. 

FEATURES 

• Two 8-bit data trains can be transmitted bidirectionally 
or as unidirectional pulses 

• Input/output A and output/input B each exhibit hys- 
teresis characteristics (Hysteresis width = 400m V typ) 

• High fan-out capability (l OL = 24mA, Ioh = —15mA) 

• Wide operating temperature range (T a = —20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually to 2 circuits and the buffers with 3-state inverted 
outputs are made two-way buffers. 

The input/output A and output/input B input sections 
are provided with hysteresis for an increased noise margin. 

The input/output direction is controlled by OC AB and 

OCra. 



When OC AB and OCb A are high, A becomes the input 
pin, with output obtained at pin B. Conversely, when 
OC AB are OCb A are low, B is the input and A is the output. 



PIN CONFIGURATION (TOP VIEW) 

OUTPUT — I ~ ^ >r " 



CONTROL OCAB-^tl - f^H f^H ^ V ° C 

INPUT r- k_ I _. OUTPUT 

Ai ^LLn^'^^Tl L i^—OC B A CONTROL 

^ o^Tl INPUT 

A 2 ~ [1-^-^18] * 

A 3 «- [±HH~ra ill 4 - B2 



INPUTS/ 
OUTPUTS 



Ae-dj-^- 

A 7 
. A 8 
GND [To 






~GE-[gE: 



B3 






77] ~ B 8 



OUTPUTS/ 
INPUTS 



Outline 20P4 



A high impedance status is initiated at both pin A and B 
when OC AB is low and OC BA is high, isolating A from B. 
Precautions should be taken to guard against OC AB being 
at a high while OCb A is low. This condition will result in 
output from both A and B, and could result in the IC being 
destroyed. 



CIRCUIT DIAGRAM (EACH BUFFER) 



CONTROL OCbaO- 
INPUT 



OUTPUT 
CONTROL OCabO" 
INPUT 





1.8k 




-O V C c 



**> TO OTHER BUFFERS 



-O B pUTPUT/JNPUT 



-O GND 



-*- TO OTHER BUFFERS 

UNIT : n 
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FUNCTION TABLE (Note i.) 



OCba 


OCab 


A 


B 


L 


L 





1 


H 


H 


1 





H 


L 


Z 


Z 


L 


H 


* 


* 



Note 1.| : Input pin 

" Output pin 

Z I High-impedance (A and B isolated) 

* : Inhibit (No output from either A or B) 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~4-75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A, B 




-0.5-4-5.5 


V 


OCab, OCba 




-0.5-4-15 


V 


v 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~4-75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.4V 







-3 


mA 


V H^2V 







-15 


mA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vol^O.SV 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~4-75 o C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.6 


V 


Vt+.-Vt- 


Hysteresis width 


V CC =4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic=-18mA 






-1.5 


V 


V H 


High-level output voltage 


V CC =4.75V 

V| = 0.6V, V| = 2V 


Ioh=— 3mA 


2.4 


3.4 




V 


Ioh=— 15mA 


2 






V 


Vol 


Low-level output voltage 


V CC = 4.75V 

V| = 0.6V, V| = 2V 


l0L=12mA 




0.25 


.0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


lOZH 


Off-state high-level output current 


V C c = 5.25V, V| = 0.6V, V| = 2V, V =2.7 V 






20 


AiA 


•OZL 


Off-state low-level output current 


V C C = 5.25V, V| = 0.6V, V| = 2V, V o = 0.4 V 






-400 


XiA 


llH 


High-level input current 


A, B 


V C c=5.25V, V| = 2.7V 






20 


*A 


OCba, OCab 






20 


^A 


A, B 


V C c = 5.25V, V| = 5.5V 






0.1 


mA 


OCba, OCab 


V C c=5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


V C C = 5.25V, V| = 0.4V 






-0.4 


mA 


I OS 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O = 0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


V C c=5.25V, V|=0V, V|=4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc = 5.25V,' V|=0V, V| = 4.5V 




62 


90 


^ mA 


Iccz 


Supply current, all outputs off 


Vcc = 5.25V, V|=0V, V, = 4.5V 




64 


95 


mA 



* : All typical values are at V cc =5V,Ta = 25°C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 



2-400 



A MITSUBISHI 
I 



i ELECTRIC 



MITSUBISHI LSTTLs 

M74LS620P 

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED) 

SWITCHING CHARACTERISTICS (V C 0=5V,Ta=25C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level output 
propagation time 


From input A to output B 


C L =45pF (Note 3) 




8 


10 


ns 


From input B to output A 




8 


10 


tpHL 


High-to-low level output 
propagation time 


From input A to outputB 




12 


15 


ns 


From input B to output A 




12 


15 


tpZL 


Output enable time to 
low-level 


From input C ba to output A 


Ft L =667Q, C L =45pF (Note 3) 




25 


40 


ns 


From input OCABto outputB 




25 


40 


tpZH 


Output enable time to 
high-level 


From input OCba to output A 




23 


40 


ns 


From input OCab to output B 




23 


40 


tpLZ 


Output disable time from 
low-level 


From input OCba to output A 


R|_=667Q, C L =5pF (Note 3) 




17 


25 


ns 


From input OCab to output B 




17 


25 


tpHZ 


Output disable time from 
high-level 


From input OCba to output A 




19 


25 


ns 


From input OCAB to output B 




19 


25 



Note 3: Measurement Circuit 



Vcc 



PG 



50 Q 



OUTPUT Vcc 
O 



/SW1 

5kQ 

~AVv 



t Cl 
w 



7SW2 



1 

Paramete 


SW1 


SW2 


tpZH 


Open 


Closed 


tpZL 


Closed 


Open 


tpLZ 


Closed 


Closed 


tpHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf -- 6ns. 
t w = 500ns, V P = 3Vp. P , Z = 50J2. 

(2) All diodes have high-speed switching characteristics 
• (t rr < 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A,B (INPUT) 



B, A (OUTPUT) 



OCba 



A (OUTPUT) 



V 



tpHL 



V 



J 

tpZH 



"\ 



tPLH 



f 



tPLZ 






tPHZ 



OCab 



B (OUTPUT) 



B (OUTPUT) 



"V 



tpZL 



f 



tpZH 



tPLZ 
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DESCRIPTION 

The M74LS640P is a semiconductor integrated circuit con- 
taining 8 bus transmitter/receiver circuits with inverted 
outputs. 

FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Hysteresis provided (width = 400mV typical) for input/ 
output A and output/input B 

• High fan-out (Iol = 24mA ^ 'OH =- 1 5mA) 

• Wide operating temperature range. (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

The inputs and outputs of the two buffer circuits with 
3-state inverted outputs are connected together to form bi- 
directional buffers. Having hysteresis characteristics in the 
input section of input/output A and output/input B, noise 
margin is high. 

The data direction control input DIR controls the direc- 
tion of input and output. When DIR is high, A is the input 
terminal and B is the output terminal and when DIR is low, 
A is the output terminal and B is the input terminal. 

When the output control input OC is high, both A and 
B are put in the high-impedance state so the buffers are 
isolated. 

A device, M74LS640-1P, having the same pin connec- 
tions and functions except the value of Iol ( = 48mA) has 
been provided. 



PIN CONFIGURATION (TOP VIEW) 



DATA 
DIRECTION DIR 
CONTROL 
INPUT 



W * OUTPUT 



INPUTS/ 
OUTPUTS 



GND [TO 



S 



Ai «- [T 

As-E-^-^nLiO'-B, 



LtTI *-* Br 



— . vjv_> iru i 

19]*- OC CONTROL 
1 INPUT 



:^i 



¥|*- Bj 



OUTPUTS/ 
INPUTS 



Outline 20P4 



CIRCUIT DIAGRAM (Each buffer) 



OUTPUT 

CONTROL OCO 
INPUT 



lOki 21 4 T "Iz.Akl 



DATA 

DIRECTION 

CONTROL 

INPUT 



O Vcc 




OB OUTPUT/INPUT 
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FUNCTION TABLE (Note 11 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


Z 


z 



Note 1 : I : Input pin 

O: Output (inverted output) pin 

Z: High impedance (A and B separated) 

X: Irrelevant 



ABSOLUTE MAXIMUM RATINGS ( Ta = - 20- +751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 


A. B 




-0.5-+5.5 


V 


DIR. OC 




— 0.5 — h 15 


V 


Vo 


Output voltage 


Off state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS ( Ta=-20~ + 75-C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.4V 







-3 


mA 


V h^2V 







-15 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75t. unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.6 


V 


Vt+-V T - 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


V|C 


Input clamp voltage 


V C c = 4.75V, lic=— 18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc = 4. 75V 
V|=0.6V, V|=2V 


Ioh=— 3 mA 


2.4 


3.4 




V 


loH=-15mA 


. 2 






V 


Vol 


Low-level output voltage 


V C C=4.75V 

V| = 0.6V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


lOZH 


Off-state high-level output current 


Vcc=5.25V,V|=0.6V,V|=2V,Vo = 2.7V 






20 


,"A 


'OZL 


Off-state low-level output current 


Vcc = 5.25V,V|=0.6V,V|=2V,V O =0.4V 






-400 


^A 


llH 


High-level input current 


A, B 


V C c=5.25V, V|-2.7V 






20 


^ 


DIR, OC 






20 


^ 


A, B 


Vcc=5.25V, V|=5.5V 






0.1 


mA 


DIR.OC 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc = 5. 25V • v O=0V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V, V|=0V, V|=4.5V 




48 


70 


mA 


'CCL 


Supply current, all outpus low 


Vcc=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V, V|=0V, V|=4.5V 




64 


95 


mA 



* : All typical values are at Vcc = 5V , T a = 25°C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
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SWITCHING CHARACTERISTICS (V0C = 5V, Ta = 2St;,unle S sotherwisen ted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


t PLH 


Low-to-high level output 
propagation time 


From input A to output B 


C L =45pF (Note 3) 




8 


10 


ns 


From input B to output A 




8 


10 


t PHL 


High-to-low level output 
propagation time 


From input A to output B 




12 


15 


ns 


From input B to output A 




12 


15 


tpZL 


Low output enable time 


From input OC to output A 


R L = 667Q C L = 45pF 

(Note 3) 




25 


40 


ns 


From input OC to output B 




25 


40 


tpZH 


High output enable time 


From input OC to output A 




23 


40 


ns 


From input OC to output B 




23 


40 


tpi_Z 


Low output disable time 

\ 


From input OC to output A 


R L = 667Q C L =5pF 

(Note 3) 




17 


25 


ns 


From input OC to output B 




17 


25 


tpHZ 


High output disable time 


From input OC to output A 




19 


25 


ns 


From input OC to output B 




19 


25 



Note 3: Measurement circuit 




Parameter 


SW1 


SW2 


tpzH 


Open 


Closed 


tpzL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns. tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50n 

(2) All diodes are high speed switching diodes 
(t rr g4ns). , 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B 
(INPUT) 



B, A 
(OUTPUT) 



f 



\ 



tPHL 

«* — »• 



I 



tPLH 

«* »- 



B, A 

(OUTPUT) 



f 



tpZH 



tPHZ 



be 


^ 


^ 




.- 

/ 


l~ 
















B, A 




- 

tPZL 
■< > 


^ 








(OUTPUT) 


1 


^ 


0.5V - 








tPLZ 




\ 
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED) 



DESCRIPTION 

The M74LS640-1P is a semiconductor integrated circuit 
containing 8 bus transmitters/receivers with inverted out- 
puts. 

FEATURES 

• Bi-directional transmission, or separation, of two 8-bit 
data is possible. 

• Hysteresis provided (= 400mV typical) for input/output 
A and output/input B 

• High fan-out (Iql = 48mA, Ioh = -15mA) 

• Wide operating temperature range (T a = — 20~+75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually to 2 circuits and the buffers with 3-state inverted 
outputs are made two-way buffers. 

The input/output A and output/input B input sections 
are provided with hysteresis for an increased noise margin. 
The input/output direction is controlled by DIR. 

When DIR is high, A is made the input pin and B the 
output pin. When DIR is low, B is made the input pin and 
A the output pin. When OC is high, both A and B are put in 
the high-impedance state and A and B are isolated. 



PIN CONFIGURATION (TOP VIEW) 



DATA 

DIRECTION 

CONTROL 

INPUT 



/OUTPUTS 



Ai *->[T-[^; 



A3~EHQ^jLpl 






A 7 «->[][ -fljj^- 
As «-*|T— tjj^o- 
GND [To 



inputs a 4 ~ H-^-^ U - 
jtputs i ' — _o< 5r~i 



js]«- B 4 






"I 



OUTPUT 

CONTROL 

INPUT 



B 6 



L771 ^ B 8 



77] ~ B 8 



OUTPUTS 
/INPUTS 



Outline 20P4 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL QCO f [ $ 4 * 
INPUT 




INPUT/OUTPUT 
AO- 





-> O Vqc 



1.8k 




1.8k 



■e-TO OTHER BUFFERS 



-O B OUTPUT/INPUT 



4 O GND 



-TO OTHER BUFFERS 

unit: Q. 
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED) 

FUNCTION TABLE (No,e D 



00 


DIR 


A 


B 


L 


L 





1 


L 


■ H ' 


1 





H 


X 


Z 


2 



Note 1: _j_ : Input pin 

.0 I Output (inverted) pin 

Z : High-impedance (A, B isolated) 

X • Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20 — h 75 °C . unless otherwise noted ) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V, 


Input voltage 


A, B 




-0.5-+5.5 


V 


DIR, OC 




— 0.5 — h 15 


V 


v 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 


\ 


-20- +75 


V 


Tstg 


iStorage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75 o C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.4V 







-3 


mA 


V 0H ^2V 







-15 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^0.5V 







48 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20-~4-75*C, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input' voltage 




2 






V 


V, L 


Low-level input voltage 








0.6 


V 


v T+ -v T - 


Hysteresis width 


V C c = 4.75V 


0.2 


0.4 




V 


VlC 


Input clamp voltage 


V CC =4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V CC =4.75V 
V|=0.6V, V|=2V 


Ioh=- 3 mA 


2.4 


3.4 




V 


l0H=-15mA 


2 






V 


Vol 


Low- level output voltage 


V C c=4.75V 
V|=0.6V, V| = 2V 


l0L=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOL=48mA 




0.4 


0.5 


V 


lOZH 


Off-state high-level output current 


Vcc=5.25V,V|=0.6V,V|=2V,V O = 2.7V 






20 


/«A 


l0ZL 


Off-state low-level output current 


V C c = 5.25V, V|=0.6V, V|=2V, V o =0.4V 






-400 


M& 


hH 


High-level input current 


A, B 


V C c=5.25V, V|=2.7V 






20 


mA 


DIR, OC 






20 


M* 


A, B 


Vcc=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


V C c=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


I OS 


Short-circuit output current (Note 2) 


Vcc = 5. 25V ■ V = OV 


-40 




-225 


mA 


'CCH 


Supply current, all outputs high 


V C c=5-25V, V|=0V, V|=4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


Iccz 


Supply, current, all outputs off 


V C c = 5.25V, V|=0V, V|=4.5V 


- 


64 


95 


mA 



* : All typical values are at Vcc = 5V. Ta = 25"C 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED) 



SWITCHING CHARACTER 1 


STICS(Vcc=5V. T 


a = 25°C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


t PLH 


Low-to-high-level 
output propagation time 


From input A to output B 


C L =45pF (Note 3) 




8 


10 


ns 


From input B to'output A 




8 


10 


tpHL 


High-to-low level 
output propagation time 


From input A to output B 




12 


15 


ns 


From input B to output A 




12 


15 


tpZL 


Low-level output enable time 


From input OC to outputA 


R L = 667Q C|_ = 45pF (Note 3) 




•25 


40 


ns 


From input OC to output B 




25 


40 


tpZH 


High-level output enable time 


From input OC to outputA 




23 


40 


ns 


From input OC to outputB 




23 


40 


tpLZ 


Low-level output disable time 


From input OC to outputA 


R L = 667Q Ci_=5pF (Note 3) 




17 


25 


ns 


From input OC to outputB 




17 


25 


*PHZ 


High-level output disable time 


From input OC to outputA 




19 


25 


ns 


From input OC to outputB 




19 


25 



Note 3: Measurement circuit 



50 Q 



V C C OUTPUT Vcc 



DUT 



17T 



/SW1 



5kQ 

-N^N— 



t Cl 

77T 



7SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed , 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3V P .p,Z o = 50a 

(2) All diodes are switching diodes (t rr < 4ns). 

(3) C[_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



_T 



B, A (OUTPUT) 



\ 



tPHL 



TV- 



£ 



tPLH 

< » 



OC 



B, A (OUTPUT) 



lu 



f 



jr 



tPZH 



^i 



tPHZ 



OC 


.> 


^ 




- 
1 


(— 




















tPZL 


^ 








B, A (OUTPUT) 


1 


<~ 


0.5V 








tPLZ 
■< — > 




i 






< > 
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M74LS641P 

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERJED) 



DESCRIPTION 

The M74LS641P is a semiconductor integrated circuit con- 
taining 8 bus transmitter/receiver circuits with non-inverted 
open collector outputs. 

FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Open collector outputs 

• Hysteresis provided (width = 400mV typical) for input/ 
output A and output/input B 

• High fan-out (l L = 24 rnA) 

• Wide operating temperature range. (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

The inputs and outputs of the two buffer circuits with 
3-state non-inverted outputs are connected together to 
form bi-directional buffers. The input sections of input/ 
output A and output/input B have been designed with 
hysteresis characteristics giving increased noise margin. 
The input/output direction is controlled by Dl R. 

When DIR is high, A is the input pin and B is the output 
pin. When DIR is low then B is input terminal and A is the 
output terminal. When output control input OC is high, 
A and B become high so the buffers are isolated. 

Open collector outputs are provided, so the high-level 
output impedance can be freely selected with external load 
resistors. 

The functions and pin connections of this ICare identi- 
cal to those of M74 LS645P. 



PIN CONFIGURATION (TOP VIEW) 



DATA 
DIRECTION DIR 
CONTROL 

INPUT . A 
f A 1 



-H^=[ 



INPUTS/ 
OUTPUTS 






A 8 
GND [To 















20] V C c 

OUTPUT 
7Z\ «_ OC CONTROL 
— I INPUT 



1 



77] ~ b 8 



OUTPUTS/ 
INPUTS 



*: OPEN COLLECTOR OUTPUTS 

Outline 20P4 



A device, M74LS641-1P, having the same pin connec- 
tions and functions except the value of Iol ( =48mA) has 
been provided. 



CIRCUIT DIAGRAM (Each buffer) 



ovcc 



OUTPUT 

CONTROL OC 
INPUT 



DATA 
DIRECTION 
CONTROL DIR<> 
INPUT 




O B OUTPUT/INPUT 



O GND 



*► TO OTHER 
BUFFERS 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED) 

FUNCTION TABLE mote 11 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


H 


H 



Note 1 : I : Input pin 

O: Output (non-inverted output) pin 
X: Irrelevant 



ABSOLUTE MAXIMUM R AT I NGS(Ta=-20-4-75Tj,unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 


A, B 




-0.5-4-7 


V 


DIR, OC 




-0.5-4-15 


V 


v 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = - 20-+ 75t:. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V =5.5V 







100 


/iA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20- + 75TJ, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.6 


V 


V-T4--VT- 


Hysteresis width 


V C c=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






- 1.5 


V 


I OH 


High-level output current 


Vcc = 4.75V, Vi =0.6V. Vi'=2V, V = 5.5V 






100 


M 


Vol 


Low-level output voltage 


V CC = 4.75V 

V| = 0.6V, Vj=2V 


Iol= 12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


llH 


High-level input current 


A, B 


Vcc=5.25V, V|=2.7V 






20 


M 


DIR. OC 






20 


/iA 


A, B 


Vcc=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


Vcc=5.25V, V|=10V 






0.1 v 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V, V|=0V..V|=4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


leez 


Supply current, all outputs off 


V C c=5.25V, V|=0V, V| = 4.5V 




64 


95 


mA 



* : All typical values are at Vcc = 5V, T a = 25 b C. 
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SWITCHING CHARACTERISTICS (Voc = 5V. 73 = 25X2. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high level output 
propagation time 


From input A to output B 


C L =45pF, R L =667Q (Note 2) 




20 


25 


ns 


From input B to output A 




20 


25 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




15 


25 


ns 


From input B to output A 




15 


25 


tpi_H 


Low-to-high level output 
propagation time 


From input 0(2 to output A 




25 


40 


ns 


From input OC to output B 




25 


40 


tpHL 


High-to-low level output 
propagation time 


From input OC to output A 




30 


50 


ns 


From input OC"to output B 




30 


• 50 



Note 2: Measurement circuit 



INPUT Vcc 



50Q< 



Vcc OUTPUT 



:R L 



±c L 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50ft 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A.B 
(INPUT) 



B.A 
(OUTPUT) 



J 



/ 



tPLH 

-« >■ 



X 



V 



tpHL 



oc 



B.A 
(OUTPUT) 



^K / 



\ 



tPHL 



f 



tPLH 
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M74LS641-1P 

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED) 



DESCRIPTION 

The M74LS641-1P is a semiconductor integrated circuit 
containing 8 bus transmitters/receivers with non-inverted 
outputs, 

FEATURES 

• Bi-directional transmission, or separation, of two 8-bit 
data is possible. 

• Open collector outputs 

• Hysteresis provided (= 400m V typical) for input/output 
A and output/input B 

• High fan-out (l l = 48mA) 

• Wide operating temperature range (T a = — 20~+75 C) 



APPLICATION 

General purpose, for use 
equipment. 



in industrial and consumer 



FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually to 2 circuits and the buffers with open collector 
non-inverted outputs are made two-way buffers. 

The input/output A and output/input B input sections 
are provided with hysteresis for an increased noise margin. 
The input/output direction is controlled by DIR. 

When DIR is high, A is made the input pin and B the 
output pin. When DIR is low, B is made the input pin and 
A the output pin. When output control input OC is high, 



PIN CONFIGURATION (TOP VIEW) 



DATA 
DIRECTION nlD _> , , 
CONTROL UIH I' 

INPUT 

ai~ E-ti§: 



INPUTS/ 
OUTPUTS 






A 4 



A *~ GE-t§: 



A *~ E-tS; 

a 7 — ► QT 



A 8 «-*[7-rfe 

GND [lO 



;p\. 



:^L 



■w\ 



:^l 



W^ 



Vcc 



20] 

__. OUTPUT 

19 — OC CONTROL 
— ' INPUT 

18) ♦— Bi 
77]«— .B 2 
}&\ — * B 3 
15] *— » B 4 
T*\+- *B 5 
l|]«— B 6 
l|]«— B 7 
TT] *— » B 8 J 



OUTPUTS/ 
INPUTS 



Outline 20P4 



* : OPEN COLLECTOR 
OUTPUTS 



both A and B go to high and are isolated. 

The functions and pin connections of this device are 
identical to those of M74LS645-1P but since open collector 
outputs are provided, the high-level output impedance can 
be freely selected with an external load resistor. 



CIRCUIT DIAGRAM (EACH BUFFER) 

12.4k- 



10K5 21k f 



OUTPUT \J * r^ 

CONTROL OC O f r $4 * T 
INPUT ^ "> 



!5.4k[_ £5k 

2 



DATA 
DIRECTION 
CONTROL UIHO " 
INPUT 




OVcc 



^-TO OTHER BUFFERS 



OB OUTPUT/INPUT 



**TO OTHER BUFFERS 

unit: Q 
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FUNCTION TABLE (Noten 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


H 


H 



Notel: I : Input pin 

'• Output (non-inverted) pin 
X : Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~-f-75Tj, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit. 


Vcc 


Supply voltage 




-0.5- + 7 


V 


V| 


Input voltage 


A, B 




-0.5-+7 


V 


DIR, OC 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°C 


Tstg 


Storage temperature range 




-65- + 150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75tJ, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V =5.5V 







100 


//A 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


V O L^0.5V 







48 


mA 



ELECTRICAL CHARACTERISTICS (Ta = - 2 c 


~4-75TJ, unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




". 2 






V 


VlL 


Low-level input voltage 








0.6 


V 


v T + -v T - 


Hysteresis width 


V C c=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


Vcc=4.75V, l| C =-18mA 






-1.5 


V 


I OH 


High-level output current 


V C c = 4.75V, V, = 0.6V, V| =2V, Vn=5.5V 






100 


U A 


Vol 


Low-level output voltage 


V C c = 4.75V 
V, = 0.6, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOL=48mA 




0.4 


0.5 


V 


Iih 


High-level input current 


A. B 


Vcc=5.25V, V|=2.7V 






20 


juA 


DIR, OC 






20 


A/A 


A, B 


Vcc=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


Vcc= 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V| =0.4V 






-0.4 


mA 


Icch 


Supply current, all outputs high 


V C c=5.25V, V| =0V,.V| =4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V, V| =0V, V| =4 .5V 




62 


90 


mA 


iccz 


Supply current, all outputs off 


Vcc=5.25V, V| =0V, V| =4.5V. 




64 


95 


mA 



* : All typical values are at Vcc=5V, Ta = 25Tj 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED) 

SWITCHING CHARACTERISTICS (Vcc=5V. Ta=25'C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpi_H 


Low-to-high-level output 
propagation time 


From input A to output B 


C L =45pF, R L =667Q (Note 2) 




20 


25 


ns 


From input B to output A 




20 


25 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




15 


25 


ns 


From input B to output A 




15 


25 


*PLH 


Low-to-high level output 
propagation time 


From input OC to output A 




25 


40 


ns 


From input OCT to output B 




25 


40 


tpHL 


High-to-low-level output 
propagation time 


From input OC to output A 




30 


50 


ns 


From input OC to output B 




30 


50 



Note 2: Measurement circuit 



INPUT Vcc 



Vcc OUTPUT 





c 


j> 


c 


f 


? 9 






DUT 


PG 










7} 










50Q5 


77 


r 


T 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, tf = 6n"s, t w = 500ns, 
Vp=3Vp. P . Z o = 50a 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



B, A (OUTPUT) 



Y 



/ 



tpLH 
-< *-i 



tpHL 



"\ / 



B.A (OUTPUT) 



\ 



f 



tpLH 
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M74LS642P 

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED) 



DESCRIPTION 

The M74LS642P is a semiconductor integrated circuit con- 
taining 8 bus transmitter/receiver circuits with inverted 
open collector outputs. 

FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Open collector outputs 

• Hysteresis provided (width = 400mV typical) for input/ 
output A and output/input B 

• High fan-out (Iql = 24mA) 

• Wide operating temperature range. (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

The inputs and outputs of the two buffer circuits with 
inverted output open collectors are connected together to 
form bi-directional buffers. 

The input sections of input/output A and output/input 
B have been designed with hysteresis characteristics for 
increased noise margin. The input/output direction is con- 
trolled by D I R. 

When DIR is high then A is the input pin and B is the 
output pin. When DIR is low then B is input pin and A is 
the output pin. When output control input OC is high, A 
and B become high so the buffers are isolated. 

Open collector outputs are provided, so the high-level 
output impedance can be freely selected with external load 
resistors. 



PIN CONFIGURATION (TOP VIEW) 

Vcc 

[JE 

B 

n] ♦-* b 



DATA . , . = 

DIRECTION DIR -^M_ -H~)— , 

CONTROL ^LZT_ 
INPUT 






INPUTS/ 
OUTPUTS 



[US: 
U-iS: 

A 3 '-* [±-|fSjT 

~GE-[|§: 
[I 

GND [To 



A 7 



— TT, Llil ♦- oc 












B 8 



*hT- 



OUTPUT 

OC CONTROL 
INPUT 



B 6 



OUTPUTS/ 
INPUTS 



* : OPEN COLLECTOR OUTPUT 

Outline 20P4 



The functions and pin connections of this ICare identi- 
cal to those of M74LS640P. 

A device, M74LS642-1P, having the same pin connec- 
tions and functions except the value of loi_( = 48mA) has 
been provided. 



CIRCUIT DIAGRAM (Each buffer) 



OUTPUT 

CONTROL OC O- 
INPUT 



DATA 
DIRECTION n . n _ 
CONTROL DIRO- 
INPUT 




t — ° V CC 



*► TO OTHER BUFFERS 



O B OUTPUT/INPUT 



O GND 

TO OTHER BUFFERS 
UNIT: O 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED) 

FUNCTION TABLE (Nee 11 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


H 


H 



Note 1 : I : Input pin 

O: Output (inverted output) pin 
X: Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75*C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 


A. B 




-0.5-+7 


V 


DIR, OC 




-0.5 — I- 15 


V 


v 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65-+150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75TJ, unless otherwise noted) 



Symbol 




Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V =5.5V 







100 


M A 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vol^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.6 


V 


v T + -v T - 


Hysteresis width 


V C c=4.75V 


0.2 


0.4 




V 


V|C 


Input clamp voltage 


V C c=4.75V. l| C =-.18mA 






-1.5 


V 


I OH 


High-level output current 


Vcc = 4.75V, Vi =0.6V. Vi =2V, Voh = 5.5V 






100 


juA 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.6V, V| = 2V 


IOL=12mA 




0.25 


0.4 


V 


IOL =2 ^mA 




0.35 


0.5 


V 


llH 


High-level input current 


A, B 


Vcc=5.25V. V|=2.7V 






20 


juA 


DIR, OC 






20 


iuA 


A, B 


Vcc=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


Vcc=5.25V, Vi =10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, Vi =0.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high 


Vcc=5.25V. V,=0V, V|=4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V. V| =0V, V| =4 .5V 




62 


90 


mA 


leez 


Supply current, all outputs off 


Vcc=5.25V, V|=0V, V| = 4.5V 




64 


95 


mA 



* : All typical values are at Vcc = 5V,T a = 25°C. 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED) 



SWITCHING CHARACTERISTICS (V C C = 5V, 13 = 2510, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low-to-high level output 
propagation time 


From 


nput A to output B 


C L =45pF, R L =667Q 

(Note 2) 




16 


25 


ns 


From 


nput B to output A 




16 


25 


tpHL 


High-to-low level output 
propagation time 


From 


nput A to output B 




14 


25 


ns 


From 


nput B to output A 




14 


25 


tpiJH 


Low-to-high level output 
propagation time 


From 


nput OC to output A 




25 


40 


ns 


From 


nput OC to output B 




25 


40 


tpHL 


High-to-low level output 
propagation time 


From 


nput OC to output A 




30 


60 


ns 


From input OC to output B 




30 


60 



Note 2: Measurement circuit 

INPUT Vcc 



V C C OUTPUT 





^ 


p 




f 


c 






DUT 


PG 










7 










1 


7 


r 


-C L 
T 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 5012 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



-J * 



B, A (OUTPUT) 



X 



tPHL 

■* *« 



^k 



f~ 



tPLH 



B, A (OUTPUT) 



/ 



X 



tPHL 

<* *■ 



f~ 



tPLH 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED) 



DESCRIPTION 

The M74LS642-1P is a semiconductor integrated circuit 
containing 8 bus transmitters/receivers with open collector 
inverted outputs. 

FEATURES 

• Bi-directional transmission, or separation, of two 8-bit 
data is possible. 

• Open collector outputs 

• Hysteresis provided (= 400mV typical) for input/output 
A and output/input B 

• High fan-out do l = 48mA) 

• Wide operating temperature range (T a = — 20~+75°C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually to 2 circuits and the buffers with open collector 
inverted outputs are made two-way buffers. 

The input/output A and output/input B sections are 
provided with hysteresis for an increased noise margin. The 
input/output direction is controlled by DIR. 

When DIR is high, A is made the input pin and B the 
output pin. When DIR is low, B is made the input pin and 
A the output pin. When OC is high, both A and B are high 
and A and B are isolated. 



PIN CONFIGURATION (TOP VIEW) 

Vcc 



DATA 
DIRECTION DIR - 
CONTROL 
INPUT 



INPUTS 
/OUTPUTS 



l— bsr— — I tt~ OUTPUT 

Li~ T^? i^n Hi!] 4- QC R? n N X- R0L 



GND [JO 






-*5JP-i INPUT 

A,~g- 1 g|pi l -iE~B 

a 3~E-tE§:=|L ^m~ B 
A4 ~ H-ris^'lai L H"B 3 
As ~E-il£i:^]' ^H~b 
A 6 -* U-t^-^D_ J3 *-* Bs 



Wi 



IT] ♦- B 8 



OUTPUTS 
/INPUTS 



* : OPEN COLLECTOR OUTPUTS 

Outline 20P4 



The functions and pin connections of this device are 
identical to those of M74LS640-1P but since open collector 
outputs are provided, the high-level output impedance can 
be freely selected with an external load resistor. 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL OC O- 
INPUT 




I INPUT/OUTPUT 

AOT T T J< 



DIRECTION nmn . Y M \[ 
CONTROL DIRO J I J« * L 






>V L 



plh.Sk' 



-o v C c 



-TO OTHER BUFFERS 



O B OUTPUT/INPUT 



-O GND 



-»TO OTHER BUFFERS 

UNIT : Q 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED) 

FUNCTION TABLE (Note D 



oc 


DIR 


A 


B 


L 


L 





I 


L 


H 


I 





H 


X 


H 


H 



Note 1: | : Input pin 

I Output (inverted) pin 
X * Irrelevant 



MAXIMUM ABSOLUTE R ATI NGS(Ta = -20~+75^C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


v C c 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A, B 




-0.5-+7 


V 


DIR, OC 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


TC 


Tstg 


Storage temperature range 




— 65 — h150 


■c 



RECOMMENDED OPERATING CONDITIONS (Ta = -20- +75^, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V =5.5V 







100 


/iA 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vql^0.5V 







48 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20 


--4-75' 1 C, unless otherwise noted) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V,H 


High-level input voltage 




2 






V 


V, L 


Low-level input voltage 








0.6 


V 


v T + -v T - 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V C c=4.75V. lic=-18mA 






-1.5 


V 


I OH 


High-level output current 


V C c = 4.75V, Vi =0.6V, Vi =2V. V = 5.5V 






100 


M A 


Vol 


Low-level output voltage 


Vcc = 4.75V 
V|=0.6V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOL=48mA 




0.4 


0.5 


V 


Iih 


High-level input current 


A. B 


Vcc=5.25V. V| =2.7V 






20 


/uA 


DIR.CJC 






20 


/iA 


A. B 


Vcc = 5.25V, Vi =5.5V 






0.1 


mA 


DIR, OC 


Vcc=5.25V. V, =10V 






0.1 


mA 


IlL 


Low-level input current 


V C C=5.25V, V| =0.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high 


V C C=5.25V, V|=0V, V|=4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


Vcc=5.25V. Vi =0V. Vi =4 .5V 




62 


90 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V, V| = 0V, V|=4.5V 




64 


95 


mA 



* .' All typical values are at Vcc=5V, Ta = 25 t C 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED) 

SWITCHING CHARACTERISTICS (Vco = 5V. Ta=25'C. unlessotherwisenoted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpm 


Low-to-high-level output 
propagation time 


From input A to output B 


C L =45pF, R L =667Q (Note 2) 




16 


25 


ns 


From input B to output A 




16 


25 


tpHL 


High-to-low level outpout 
propagation time 


From input A to output B 




14 


25 


ns 


From input B to output A 




14 


25 


tpi_H 


Low-to-high level output 
propagation time 


From input 00 to output A 




25 


40 


ns 


From input OC to output B 




25 


40 


tpHL 


High-to-low-level output 
propagation time 


From input OC*to output A 




30 


60 


ns 


From input OC to output B 




30 


60 



Note 2: Measurement circuit 



INPUT Vcc 

O 



PG 



50Q< 



-frr 



Vcc OUTPUT 



R L< 



^°L 



17T 



(1) The pulse generator (PG) has the following characteristics: 
PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
V P =3Vp.p, Z o = 50a 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B(INPUT) 



B, A (OUTPUT) 



V 



\ 



tpHL 

* *■ 



OC 



r~ 



tPLH 



B, A(OUTPUT) 



/ 



\ 



tPHL 

■* >■ 



r~ 



tPLH 
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M74LS643P 

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT 



DESCRIPTION 

The M74LS643P is a semiconductor integrated circuit con- 
taining 8 bus transmitter/receiver circuits with inverted and 
non-inverted outputs. 



FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Hysteresis provided (width = 400mV typical) for input/ 
output A and output/input B 

• High fan-out (l 0L = 24mA, Ioh =-15mA) 

• Wide operating temperature range. (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. l 

FUNCTIONAL DESCRIPTION 

The inputs and outputs of the two buffer circuits with 3- 
state outputs are connected together to form bi-directional 
buffers. 

The input sections of input/output A and output/input 
B have been designed with hysteresis characteristics for 
increased noise margin. The input/output direction is con- 
trolled by DIR. 

When DIR is high then A is the input pin and B is the 
output pin. When DIR is low then B is input pin and A is 
the output pin. 

When output control input OC is high, both A and B are 
put in the high-impedance state so the buffers are isolated. 

A device, M74LS643-1P, having the same pin connec- 
tions and functions except the value of Iol ( = 48mA) has 
been provided. 



PIN CONFIGURATION (TOP VIEW) 



DATA 
DIRECTION DIR - 
CONTROL 



^S 



r Ai ~[7 



INPUTS/ 
OUTPUTS " 



~H-T^:^L L iH~ 






GND [To 



v— 1 



eHEsl- 



A 5 -> [j-T^ -~gj |-j5] — -B 4 
A 6 «- [7-jjj^-^i J- II] «- B 5 



20) V C c 

OUTPUT 

lil ♦- OC CONTROL 

—J input 



nj«- b 2 



L Te\*- b 

•a-TF^iHiii^ 



:3h_ 



ITU— Br 



B 6 



~u\*-* B 8 



OUTPUTS/ 
INPUTS 



Outline 20P4 



CIRCUIT DIAGRAM (Each buffer) 

|5.4k ( 



OUTPUT _ n 

CONTROL OCO-t-f — M- 
INPUT 




DATA 
Dl 
CONTROL 
INPUT 



1:9.4k 



DATA U n^ 

rection biro T r J1 4 i r 




-O Vcc 



- TO OTHER 
BUFFERS 



-OB OUTPUT/INPUT 



-O GND 



■ TO OTHER 
BUFFERS 

UNIT:n 
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FUNCTION TABLE (Note D 



oc 


DIR 


A 


B 


L 


L 





I 


L 


H 


I 





H 


X 


z 


z 



I : Input pin 

O: Output (non-inverted output) pin 

O: Output (inverted output) pin 

Z: High impedance (A, B separated) 

X: Irrelevant 



ABSOLUTE MAXIMUM R ATI NGS(Ta= -20- +75t:. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A, B 




-0.5-+5.5 


V 


DIR, OC 




-0.5- + 15 


V 


v 


Output voltage 


Off state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


x: 


Tstg 


Storage temperature range 




-65-+150 


x: 



RECOMMENDED OPERATING CONDITIONS (Ta= -20- +75*. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.4V 







-3 


mA 


V H^ 2 V 







-15 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^OSV 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20~ + 751C. unless otherwise noted) 



Symbol 








Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-ievel input voltage 








0.6 


V 


V T + -V T - 


Hysteresis width 


V C c=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V C c=4.75V, l| C =-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc =4. 75V 
V|=0.6V, V|=2V 


Ioh=— 3 mA 


2.4 


3.4 




V 


Ioh= — 15mA 


2 






V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.6V, V| = 2V 


IOL=12mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


V 


IOZH 


Off-state high-level output current 


Vcc = 5.25V,V|=0.6V,V|=2V,V O =2.7V 






20 


ft* 


'OZL 


Off-state low-level output current 


Vcc=5.25V,V|=0.6V,V|=2V,V o =0.4V 






-400 


V* 


llH 


High-level input current 


A, B 


V C c = 5.25V, V|=2.7V 






20 


^A 


DIR, OC 






20 


^A 


A, B 


V C c=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


I OS 


Short-circuit output current (Note 2) 


V C c=5.25V, V = OV 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


V C c=5.25V, V|=0V, V|=4.5V 




48 


70 


mA 


'COL 


Supply current, all outputs low 


V C c=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


• ccz 


Supply current, all outputs off 


V CC =5.25V, V|=0V, V|=4.5V 




64 


95 


mA 



* : All typical values are at Vcc = 5V , T a = 25°C. 

Note 2 : All measurements should be done quickly, and not more than 



one output should be shorted at a time. 
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SWITCHING CHARACTERISTICS (Vco = 5V, Ta = 25T:.unle S sotherwisenoted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpi.H 


Low-to-high level output 
propagation time 


From input A to output B 


C L =45pF (Note 3) 




8 


10 


ns 


From input B to output A 




8 


10 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




12 


15 


ns 


From input B to output A 




12 


15 


l PZL 


Low output enable time 


From input OC to output A 


R L = 667Q C L =45pF 

(Note 3) 




25 


40 


ns 


From input OC to output B 




25 


40 


*PZH 


High output enable time 


From input OC to output A 




23 


40 


ns 


From input OC to output B 




23 


40 


tPLZ 


Low output disable time 


From input OC to output A 


R L = 667Q C L =5pF 

(Note 3) 




17 


25 


ns 


From input OC to output B 




17 


25 


tpHZ 


High output disable time 


From input OC to output A 




19 


25 


ns 


From input OC to output B 




19 


25 



Note 3: Measurement circuit 



INPUT 
O 



Vcc 



DUT 



17T 



OUTPUT Vcc 

Rl| 



7SW1 



5kQ 
-AA/V- 



t Cl 

777" 



7SW2 



Parameter 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50ft 

(2) All diodes are high speed switching diodes 
(t rr <£4ns). 

(3) C[_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 


r 




\ 










B (OUTPUT) 


tPHL 

1 




ilPLH 


I 








A (OUTPUT) 


I. 


\ 

tPHL 

** » 


k 




tPLH 




OC J 


L ; 


I 










A, B (OUTPUT) 


tpZL 
« *■ 


\ 


tPLZ 

«* ^ 




0.5V 












A, B (OUTPUT) 


L 


tPHZ 


^d 


0.5V 




tPZH 

■* ^ 
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DESCRIPTION 

The M74LS643-1P is a semiconductor integrated circuit 
containing 8 bus transmitters/receivers with inverted and 
non-inverted outputs. 

FEATURES 

• Bi-directional transmission, or separation, of two 8-bit 
data is possible. 

• Hysteresis provided (= 400mV typical) for input/output 
A and output/input B 

• High fan-out (loi_ = 48mA, Ioh = -15mA) 

• Wide operating temperature range (T a = — 20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are mutually 
connected and the buffers with non-inverted outputs and 
the buffers with 3-state inverted outputs are made two-way 
buffers. 

The input/output A and output/input B input sections 
are provided with hysteresis for an increased noise margin. 
The input/output direction is controlled by DIR. 

When DIR is high, A is made the input pin and B the 
output pin. When DIR is low, B is made the input pin and 
A the output pin. When output control input OC is high, 
both A and B are put in the high-impedance state and A 
and B are isolated. 



PIN CONFIGURATION (TOP VIEW) 



CONTROL 
INPUT 



DIR - 



^ E S 



INPUTS 
/OUTPUTS 



Qo 






A7 ^ ^^^-[^^-[i] 



A 2 ~[I--r^=-=^p Lj8]~B 
A 3 4->[T^^-— ! Ln]^B 

A 4 -[l n ^:^]-]ll-B3 

A 5 — [j-7^--^]/- jj] «- B 4 
A 6 «-* Ll^^ = "^Q_ jj] 4 - B 



Vcc 



20] 

. OUTPUT 

19| ^— OC CONTROL 

' IMPIIT 






B 6 



u\- 



B 8 



OUTPUTS 
/INPUTS 



Outline 20P4 



CIRCUIT DIAGRAM (EACH BUFFER 

1 K 4k l 

21 k€ T p 



OUTPUT 

CONTROL 

INPUT 



oco i k J ^k "Lp^s^ 



DATA 
DIRECTION 
CONTROL 
INPUT 




diro ♦ r h 



O Vcc 



*-TO OTHER 
BUFFERS 



OB OUTPUT/INPUT 



O GND 

TO OTHER 
BUFFERS 

UNIT : Q 
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FUNCTION TABLE iNote 11 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


Z 


z 



: I : Input pin 
'> Output (non-inverted) pin 
.' Output (inverted) pin 
Z I High-impedance (A, B are isolated) 
X • Irrelevant 



ABSOLUTE MAXIMUM R ATI NGS(Ta = - 20 -+75^, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


. Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A, B 




-0.5-+5.5 


V 


DIR, OC 




-0.5--M5 


V 


Vo 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


TJ 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V H^2.4V 







-3 


mA 


V H^ 2 V 







-15 


mA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







48 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~ +75C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.6 


V 


VT4--VT- 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


V| C ' 


Input clamp voltage 


Vcc=4.75V. lic=-18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc = 4.75 V 
V|=0.6V. V|=2V 


Ioh= —3mA 


2.4 


3.4 




V 


Ioh= — 15mA 


2 






V 


Vol 


Low-level output voltage 


Vcc=4.75V 
V|=0.6V, V| = 2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


| OL =48mA 




0.4 


0.5 


V 


lOZH 


Off-state high-level output current 


Vcc = 5.25V, V|=0.6V, Vi=2V. V = 2.7V 






20 


/*A 


lOZL 


Off-state low-level output current 


Vcc = 5.25V, Vi =0.6V, V|=2V, V o = 0.4V 






-400 


/*A 


llH 


High-level input current 


A, B 


Vcc=5.25V, V|=2.7V 






20 


//A 


DIR, OC 






20 


AiA 


A, B 


Vcc= 5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


V C c=5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, Vi=0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc=5.25V, V = V 


-40 




-225 


mA 


ICCH 


Supply current, all outputs high 


Vcc= 5.25V, Vi = V, V| =4.5V 




48 


70 


mA 


ICCL 


Supply current, all outputs low 


V C c=5.25V, Vi = V, Vi =4.5V 




62 


90 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V, V|= 0V, V, = 4.5V 




64 


95 


mA 



*.: All typical values are at Vcc= 5 V, Ta = 25t) 

Note 2: All measurements should be done quickly, and not more than one 



output should be shorted at a time. 
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SWITCHING CHARACTER ISTICS(Vco=5V,Ta=25C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpi_H 


Low-to-high-level output 
propagation time 


From input A to output B 


C|_ = 45pF (Note 3) 




8 


10 


ns 


From input B to output A 




8 


10 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




12 


15 


ns 


From input B to output A 




12 


15 


tpZL 


Low-level output enable 1 
time 


From input OC to output A 


RL = 667Q C L =45pF (Note 3) 




25 


40 


ns 


From inputOCto output B 




25 


40 


*PZH 


High-level output enable 
time 


From inputOCto output A 




23 


40 


ns 


From inputOCto output B 




23 


40 


tpLZ 


Low-level output disable 
time 


From inputOCto output A 


R L = 667Q C L =5pF (Note 3) 




17 


25 


ns 


From inputOCto output B 




17 


25 


tpHZ 


High-level output disable 
time 


From inputOCto output A 




19 


25 


ns 


From inputOCto output B 




19 


25 



Note 3: Measurement circuit 



Vcc 



OUTPUT Vcc 
9 9 



ITT 



Rl< 



/SW1 

' ►IH H 

5kQ 

— Wv 



itr 



7SVV2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tPZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The" pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
Vp = 3V P .p, Z o = 50ft. 

(2) All diodes are switching diodes (t rr < 4ns). 

(3) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 


A 


L 


\ 


\ 










B (OUTPUT) 




\ 

tPHL 

_ 

/ 




tPLH 


% 








A (OUTPUT) 


/ 


tPHL 

P* * 


\ 




\ 


tPLH 




OC 


\ 


1 


/ 


A, B (OUTPUT) 




V 

tPZL 


- 

\ 


tPLZ 

■* — > 




0.5V 












A, B (OUTPUT) 


I 


tPHZ 


^ 


0.5V 






tPZH 

•^ *- 
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DESCRIPTION 

The M74LS644P is a semiconductor integrated circuit con- 
taining 8 bus transmitter/receiver circuits with inverted, 
non-inverted open collector outputs. 

FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Open collector outputs 

• Hysteresis provided (width = 400mV typical) for input/ 
output A and output/input B 

• High fan-out (Iql = 24mA) 

• Wide operating temperature range. (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

The inputs and outputs of the buffer circuits with open col- 
lector outputs are connected together to form bi-directional 
buffers. The input sections of input/output A and output/ 
input B have been designed with hysteresis characteristics 
giving increased noise margin. The input/output direction 
is controlled by D I R. 

When DIR is high then A is the input pin and B is the 
output pin. When DIR is low then B is input pin and A is 
the output pin. When output control input OC is high, A 
and B become high so the buffers are isolated. 

Open collector outputs are provided, so the high-level 
output impedance can be freely selected with external load 
resistors. 



PIN CONFIGURATION (TOP VIEW) 



DATA 



DIRECTION DIR -»[T J -rV- 1 

CONTROL u ~ V <LJf 

INPUT r A rr N— 

A i *-»H|-#r 

A 2 
A 3 



INPUTS/ 
OUTPUTS 




A4~LI-tJ§; 



GND [To 



Ae — IT— rl^-=5ii L 



a 



— I 1 L J8] 



2(j| Vcc 



^"■II-r^-=^i_Tni" B5 






OUTPUT 
Tgl ♦- OC CONTROL 
INPUT 



TT] «-♦ B 8 ^ 



OUTPUTS/ 
INPUTS 



*: OPEN COLLECTOR OUTPUTS 

Outline 20P4 



The functions and pin connections of this ICare identi- 
cal to those of M74LS643P. 

A device, M74LS644-1 P, having the same pin connec- 
tions and functions except the value of loi_ ( = 4.8mA) has 
been provided. 



CIRCUIT DIAGRAM (Each buffer) 

I l 54k l 

21k5 f2, 



OUTPUT 

CONTROL OCO- 
INPUT 





DATA 
DIRECTION nmn *\M \\ " 

CONTROL DIRO I k ** k l\ 




5.4 k 




-O Vcc 



■ TO OTHER BUFFERS 



-OB OUTPUT/INPUT 



-»- TO OTHER BUFFERS 
UNIT: ft 
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FUNCTION TABLE (Note ii 



oc 


DIR 


A 


B 


L 


L 





I 


L 


H 


I 





H 


X 


H 


H 



Note 1 : I : Input pin 

O: Output (non-inverted output) pin 

O: Output (inverted output) pin 

X: Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75t:, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- +7 


V 


V ' 


Input voltage 


A, B 




-0.5-+7 


V 


DIR, OC 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- 4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20- + 75 


X 


Tstg 


Storage temperature range 




-65--M50 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+751C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V =5.5V 







100 


MA 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS ( Ta=- 20- +751C, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level output voltage 




2 






V 


Vil 


Low-level output voltage 








0.6 


V 


Vt+-V T - 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V CC = 4.75V, l| C =-18mA 






-1.5 


V 


I OH 


High-level output current 


Vcc=4.75V, V|=0.6V,V|=2V,V O = 5.5V 






100 


U A 


Vol 


Low-level output voltage 


V C c = 4.75V 
V|=0.6V,V| = 2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


Iih 


High-level input current 


A, B 


Vcc=5.25V, V|=2.7V 






20 


M* 


DIR. OC 






20 


uA 


A, B 


V C c=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


V C c=5.25V, V|=0.4V 






-0.4 


mA 


•CCH 


Supply current, all outputs high 


V C c=5.25V, V|=0y, V| = 4.5V 




48 


70 


mA 


•CCL 


Supply current, all outputs low 


Vcc=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


• ccz 


Supply current, all outputs off 


V C c=5.25V, V|=0V, V|=4.5V 




64 


95 


mA 



* I All typical values are at Vcc = 5V, T a = 25°C. 
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SWITCHING CHARACTERISTICS (Voo = 5V, Ta = 25iC.unle S sotherwisenoted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


t PLH 


Low-to-high level output 
propagation time 


From input A to output B 


C L =45pF, R L =667Q 

(Note 2) 




16 


25 


ns 


From input B to output A 




20 


25 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




14 


25 


ns 


From input B to output A 




15 


25 


tpLH 


Low-to-high level output 
propagation time 


From input OC to output A 




25 


40 


ns 


From input OC to output B 




25 


40 


t PHL 


High-to-low level output 
propagation time 


From input OC to output A 




30 


60 


ns 


From input OC to output B 




30 


50 



Note 2: Measurement circuit 




(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns,Vp = 3Vp_p, Z = 50J2 

(2) C(_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



-I~^ 



B (OUTPUT) 



A (OUTPUT) 



tPHL \ 



J 

tPLH 



X 



013 



L_jT 



A, B (OUTPUT) 



— t tpLH r— 
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS644-1P is a semiconductor integrated circuit 
containing 8 bus transmitters/receivers with open collector 
inverted and non-inverted outputs. 

FEATURES 

• Bi-directional transmission, or separation, of two 8-bit 
data is possible. 

• Open collector outputs 

• Hysteresis provided (= 400mV typical) for input/output 
A and output/input B 

• High fan-out do L = 48mA) 

• Wide operating temperature range (T a = — 20~+75 C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually and the buffers with open collectors inverted 
outputs and the buffers with the non-inverted outputs are 
made two-way buffers, the input/output A and output/ 
input B input sections are provided with hysteresis for an 
increased noise margin. The input/output direction is 
controlled by DIR. 

When DIR is high, A is made the input pin and B the 
output pin. When DIR is low, B is made the input pin and 



PIN CONFIGURATION (TOP VIEW) 



DATA 

DIRECTION 

CONTROL 

INPUT 



INPUTS 
/OUTPUTS 



P'R-E^D^ 



m w i , I—, OUTPUT 

-tK^-^tti L 19|«- OC CONTROL 

■ LrJf__^J_^ —" INPUT 

a 2 *-* rrl — fteso-t-l — , Lri 






GND [To 



V I 

M 



A5~HTg : =^l L U~B. 






20) Vcc 



Bi 

B 2 

Ui)-> B 3 



Li|- #^" ^i j-jH^Bs 



77] *~* B s 



OUTPUTS 
/INPUTS 



*: OPEN COLLECTOR OUTPUTS 

Outline 20P4 



A the output pin. When OC is high, both A and B are high, 
and A and B are isolated. 

The functions and pin connections of this device are 
identical to those of M74LS643-1 P but since open collector 
outputs are provided, the high-level output impedance can 
be freely selected with an external load resistor. 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL OC O- 
INPUT 




INPUT/OUTPUT 
AO- 



DATA 

DIRECTION mR ~ 
CONTROL uin ^ 
INPUT 



2.4k 






-Q Vcc 



- TO OTHER BUFFERS 



— O B OUTPUT/INPUT 



-^ TO OTHER BUFFERS 
UNIT : Q. 
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FUNCTION TABLE (Notei) 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


H 


H 



Note 1 : I : Input pin 

'• Output (non-inverted) pin 

." Output (inverted) pin 

X '. Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta = -20~ 4- 75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


., Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


V, 


Input voltage 


A, B 




-0.5-4-7' 


V 


DIR, OC 




-0.5-4-15 


V 


Vo 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


Tstg 


Storage temperature range 




-65-4-150 


°c 



RECOMMENDED OPERATING CONDITIONS (T a =-20~4-75°C, unless otherwise noted ) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V =5.5V 


'■ 




100 


/"A 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vql^0.5V 







48 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~4-75°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.6 


V 


Vt+-V T - 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


V CC =4.75V, || C =-18mA 






-1.5 


V 


lOH 


High-level output current 


Voc=4 . 75V, V|=0 . 6V,V|= 2V,V = 5 . 5V 






100 


/iA 


Vol 


Low-level output voltage 


V CC =4.75V 
V|-0.6V, V|-2V 


l0L="l2mA 




0.25 


0.4 


V 


loL=24mA 




0.35 


0.5 


V 


IOL=48mA 




0.4 


0.5 


V 


l|H 


High-level input current 


A, B 


Vcc=5.25V, V|=2.7V 






20 


^ 


DIR, OC 






20 


/iA 


A, B 


Vcc=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


Vcc=5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=Q.4V 






-0.4 


mA 


ICCH 


Supply current, all outputs high 


V C c=5.25V, V|=0V, V| = 4.5V 




48 


70 


mA 


'COL 


Supply current, all outputs low 


V C c=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


• ccz 


Supply current, all outputs off 


V C c=5.25V, V|-0V, V|=4.5V 




64 


95 


mA 



* : All typical values are at Vcc— 5V, Ta = 25°C 
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SWITCHING CHARACTERISTICS (Voo=5V.T a = 25C, unless otherwise noted) 



Symbol 




Test conditions 


Limits 


Unit 




Min 


Typ 


Max 


tpi_H 


Low-to-high-level output 
propagation time 


From input A to output B 


C L =45pF, R L =667Q (Note 2) 




16 


25 


ns 


From input B to output A 




20 


25 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




14 


25 


ns 


From input B to output A 




15 


25 


tpLH 


Low-to-high level outpout 
propagation time 


From inputOC to output A 




25 


40 


ns 


From input OC to output B 




25 


40 


tpHL 


High-to-low-level outpout 
propagation time 


From inputOCtooutputA 




30 


60 


ns 


From input OC to output B 




30 


50 



Note 2: Measurement circuit 



Vcc 



IF 



Vcc OUTPUT 



Rl 



t 0l 



(1) The pulse gene rato.r (PG) has the following characteristics: 
PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 

V P =3Vp.p,Z o = 50fi. 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B(INPUT) 



B (OUTPUT) 



A (OUTPUT) 



uTl, 



tPHL \ 
c » *. 



/ 



tPLH 



tpLH r 



oc 



W~ 



A, B(OUTPUT) 



— i c PL 3| / 
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M74LS645P 

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED) 



DESCRIPTION 

The M74LS645P is a semiconductor integrated circuit con- 
taining 8 bus transmitter/receiver circuits with non-inverted 
outputs. 

FEATURES 

• Bi-directional transmission or separation of two 8 bit 
data is possible. 

• Hysteresis provided (width = 400mV typical) for input/ 
output A and output/input B 

• High fan-out (l |_ = 24mA, Ioh = -15mA) 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

The inputs and outputs of the buffer circuits with 3-state 
outputs are connected together to form bi-directional 
buffers. 

The input sections of input/output A and output/input 
B have been designed with hysteresis characteristics for 
increased noise margin. The input/output direction is con- 
trolled by D I R. 

When DIR is high then A is the input pin and B is the. 
output pin. When DIR is low then B is input pin and A is 
the output pin. 

When output control input OC is high, both A and B 
are put in the high-impedance state so the buffers are 
isolated. 



PIN CONFIGURATION (TOP VIEW) 

v 



DATA 



DIRECTION DIR -♦fT-H-V-, 

CONTROL v — f d -^ 

INPUT , r— ^ — 



INPUTS/ 
OUTPUTS 



|o] V C C 






a 2 ^U^-^i Lj|] «-> B , 
A 3 ^E-T^-^] Ln]~B 2 
a 4 «- [T-n^-^i ^JH *- B 3 

As^tj-T^-^] Lj5] «- B 4 

A 6 -[I-r^- = 55iTi] ~ B5 



A 8 *-* \±- 4 \^^=^] L jH 
GND []0 



OUTPUT 
OC CONTROL 
INPUT 



L7j]«- b 8 



■=— i LfT]^ b 7 



OUTPUTS/ 
INPUTS 



Outline 20P4 



A device, M74LS645-1P, having the same pin connec- 
tions and functions except the value of Iol ( = 48mA) has 
been provided. 



CIRCUIT DIAGRAM (Each buffer) 



" — o Vcc 



OUTPUT 

CONTROL OCO 
INPUT 



DATA 

DIRECTION 

CONTROL 

INPUT 



DIR 




O B OUTPUT/INPUT 
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M74LS645P 

OCTAL BUS TRANSCEIVER WITH 3 -STATE OUTPUT (NONINVERTED) 



FUNCTION TABLE (No,e i) 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


Z 


z 



Note 1 : I : Input pin 

O: Output (non-inverted output) pin 

Z: High impedance (A, B separated) 

X: Irrelevant 



ABSOLUTE MAXIMUM R AT I NGS(Ta=- 20~ + 75*C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A. B 




-0.5-+5.5 


V 


DIR. OC 




-0.5- + 15 


V 


v 


Output voltage 


Off state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°C 


Tstg 


Storage temperature range 




-65-+150 


°C 



RECOMMENDED OPERATING CONDITIONS ( Ta=- 20~ + 75t:. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'OH 


High-level output current 


V h^2.4V 







-3 


mA 


V h^2V 







-15 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^O.SV 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~ + 75TJ. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


.Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.6 


V 


V T +-Vt- 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


Vic 


Input clamp voltage 


Vcc=4.75V. hc=- 18mA 






-1.5 


V 


V H 


High-level output voltage 


Vcc=4.75V . 

V| =0.6V. V| =2V 


Ioh = —3mA 


2.4 


3.4 




V 


Ioh= - 15mA 


2 






V 


Vol 


Low-level output voltage 


V CC = 4.75V 

V| = 0.6V, V| = 2V 


l L=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


lOZH 


Off-state high-level output current 


Vcc = 5.25V. V|=0.6V. V|=2V, V = 2.7V 






20 


/.A 


lOZL 


Off-state low-level output current 


Vcc = 5.25V. Vi =0.6V, V| =2V. V O =0.4V 






-400 


M A 


llH 


High-level input 
current 


A. B 


Vcc=5.25V. V| -2.7V 






20 


juA 


DIR, OC 






20 


M& 


A..B 


Vcc=5.25V. V| = 5.5V 






0.1 


mA 


DIR. OC 


Vcc=5.25V. V, = 10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V. Vi =0.4V 






-0.4 


mA 


los 


Short-circuit output current (Note 2) 


Vcc= 5.25V. V = V 


-40 




-225 


mA 


'CCH 


Supply current, all outputs high 


V C c=5.25V, V| = V. V| =4.5V 




48 


70 


mA 


ICCL 


Supply current, all outpus low 


Vcc=5.25V. Vi = V. Vi =4.5V 




62 


90 


mA 


Iccz 


Supply current, all outputs off 


Vcc=5.25V. Vi = V. V, = 4.5V 




64 


95 


mA 



* : All typical values are at Vcc = 5V . T a = 25 C. 

Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time. 
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M74LS645P 

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED) 

SWITCHING CHARACTERISTICS (VC0 = 5V. Ta = 25t:.unle S sother«visenoted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high level output 
propagation time 


From input A to output B 


C L =45pF (Note 3) 




12 


15 


ns 


From input B to output A 




12 


15 


tpHL 


High-to-low level output 
propagation time 


From input A to output B 




12 


15 


ns 


From input B to output A 




12 


15 


tpZL 


Low output enable time 


From input OC to output A 


R L -667Q,-C L -45pF 

(Note 3) 




25 


40 


ns 


From input OC to output B 




25 


40 


*PZH 


High outputenable time 


From input OC to output A 




23 


40 


ns 


From input OC to output B 




23 


40 


tpi_Z 


Low output disable time 


From input OC to output A 


R L =667Q, C L =5pF 

(Note 3) 




17 


25 


ns 


From input OC to output B 




17 


25 


tpHZ 


High output disable time 


From input OC to output A 




19 


25 


ns 


From input OC to output B 




19 


25 



Note 3: Measurement circuit 



INPUT Vcc OUTPUT Vcc 



DUT 



/SW1 



Skil 

-vw- 



t Cl 

77T 



I 



SW2 



Parameter 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50H 

(2) All diodes are high speed switching diodes 
(t rr ^4ns). 

(3) C[_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



B, A (OUTPUT) 



f 



/ 



\ 



1L 



tPHL 



t 



B, A (OUTPUT) 



f 



f 



tPZH 



# 



tPHZ 



lL 



B, A (OUTPUT) 



t 



tpZL 



I 



# 



tPLZ 
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M74LS645-1P 

OCTAL BUS TRANSCEIVER WITH 3 -STATE OUTPUT (NONINVERTED) 



DESCRIPTION 

The M74LS645-1P is a semiconductor integrated circuit 
containing 8 bus transmitters/receivers with non-inverted 
outputs. 

FEATURES 

• Bi-directional transmission, or separation, of two 8-bit 
data is possible. 

• Hysteresis provided (= 400mV typical) for input/output 
A and output/input B 

• High fan-out do l = 48mA, Iqh = -15mA) 

• Wide operating temperature range (T a = — 20~+75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

In this device the inputs and outputs are connected 
mutually to 2 circuits and the buffers with 3-state 
non-inverted outputs are made two-way buffers. 

The input/output A and output/input B input sections 
are provided with hysteresis for an increased noise margin. 
The input/output direction is controlled by DIR. 

When DIR is high, A is made the input pin and B the 
output pin. When DIR is low, B is made the input pin and 
A the output pin. When OC is high, both A and B are put in 
the high-impedance state and A and B are isolated. 



PIN CONFIGURATION (TOP VIEW) 



DATA 

DIRECTION 

CONTROL 

INPUT 



INPUTS/ 
OUTPUTS 



-Eg 



a 2 —> LT— r^^-FSai 4jH 






A 6 

a 7 «- [jj^rl^:- 

A 8 «- 
!ND []£ 



"U 1 L 

- 7=cg ]5l 



A5 ^[IhS^L L 5 



Be 



TT] ~ b 8 



^: 



Vcc 

OUTPUT 

OC CONTROL 
INPUT 



•Eh 

• B 2 

B 3 

B 4 



OUTPUTS/ 
INPUTS 



Outline 20P4 



CIRCUIT DIAGRAM (EACH BUFFER) 



OUTPUT 

CONTROL OCO- 
INPUT 




DATA 

direction ntn y . I y 

CONTROL DIRO ■ T J < I f 
INPUT ^ ^ 



um 




INPUT/ 
OUTPUT „ 
AO T T [ S < 




505 2k| 




-O Vcc 



->TO OTHER BUFFERS 



-O B OUTPUT/INPUT 



-O GND 

-*-TO OTHER BUFFERS 
UNIT : Q 
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED) 

FUNCTION TABLE (Noten 



oc 


DIR 


A 


B 


L 


L 





1 


L 


H 


1 





H 


X 


Z 


z 



Notel: I : Input pin 

' Output (non-inverted output) pin 

Z ' High impedance (A and B are isolated) 

X '. Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta 



-20~ + 75'C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


A, B 




-0.5-+5.5 


V 


DIR, OC 




— 0.5 h 15 


V 


v 


Output voltage 


Off-state 


-0.5-+5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20- +75 


°c 


Tstg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS(Ta=-20~+75^, unless otherwise noted ) 



Symbol 


, Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.4V 







-3 


mA 


V H^2V 







-15 


mA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


V O l^0.5V 







48 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~-+75iC, unless otherwise noted ) 



Symbol 










Limits 


Unit 






Min 


Typ * 


Max' 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.6 


V 


Vt+-V T - 


Hysteresis width 


Vcc=4.75V 


0.2 


0.4 




V 


V, c 


Input clamp voltage 


V C c=4.75V, l| C =-18mA 






-1.5 , 


V 


V H 


High-level output voltage 


Vcc=4.75V 
V|=0.6V, V|=2V 


Ioh= — 3mA 


2.4 


3 .'4 




V 


Ioh= — 15mA 


2 






V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.6V, V|=2V 


IOL=12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


IOL=48mA 




0.4 


0.5 


V 


l0ZH 


Off-state high-level output current 


V C c= 5.25V, V|-0.6V,V|=2V,V O = 2.7V 






20 


/iA 


l0ZL 


Off-state low-level output current 


V C c= 5.25V, V|=0.6V,V|=2V,V o =0.4V 






-400 


M 


llH 


High-level input current 


A, B 


V C c=5.25V, V|=2.7V 






20 


/^A 


DIR, OC 






20 


//A 


A, B 


V C c=5.25V, V|=5.5V 






0.1 


mA 


DIR, OC 


V C c = 5.25V, V|=10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc=5.25V, V|=0.4V 






-0.4 


mA 


I OS 


Short-circuit output current (Note 2) 


V C c = 5.25V . V o = 0V 


-40 




-225 


mA 


'CCH 


Supply current, all outputs high 


Vcc=5.25V, V|=0V, V|=4.5V 




48 


70 


mA 


'CCL 


Supply current, all outputs low 


Vcc=5.25V, V|=0V, V|=4.5V 




62 


90 


mA 


'ccz 


Supply current, all outputs off 


V C c = 5.25V, V|=0V, V|=4.5V 




64 


95 


mA 



* : All typical values are at Vqc = 5V, Ta = 25°C 

Note 2: All measurements should be done quickly, and not more than 



one output should be shorted at a time. 
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED) 

SWITCHING CHARACTERISTICS (Vcc-5V, T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level output 
propagation time 


From input A to output B 


C L =45pF (Note 3) 




12 


15 


ns 


From input B to output A 




12 


15 


tpHL 


High-to-low level output 
propagation time 


From input A to outputB 




12 


15 


ns 


From input B to output A 




12 


15 


1-PZL 


Low-level output enable 
time 


From input OC to output A 


R L =667Q, C L =45pF (Note 3) 




25 


40 


ns 


From input OC to outputB 




25 


40 


tpZH 


High-level output enable 
time 


From input OC to output A 




23 


40 


ns 


From input OC to output B 




23 


40 


tpi_Z 


Low-level output disable 
time 


From input OC to output A 


RL-667Q, CL-5pF (Note 3) 




17 


25 


ns 


From input OC to output B 




17 


25 


tpHZ 


High-level outpout disable 
time 


From input OC to output A 




19 


25 


ns 


From input OC to output B 




19 


25 



Note 3: Measurement circuit 



PG 



INPUT Vcc OUTPUT V C C 

p 

R L< 



SOU 



itr itr 



7swi 
l<? ►! ► ! ►! 

5kQ 
Wv 



7SW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tpLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1 ) The pulse generator (PG) has the following 
characteristics: 

PRR = 1MHz, t r = 6ns, t f = 6ns, t w = 500ns, 
Vp=3V P .p,Z o = 50a 

(2) All diodes are switching diodes (t rr ^ 4ns) 

(3) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



A, B (INPUT) 



B, A (OUTPUT) 



I 



f 



tpLH 



V 



1 



tpHL 



t 



B, A (OUTPUT) 



I 



f 



tPZH 
«= — >■ 



T* 



tPHZ 
«? — * 



OC 



X 



B, A (OUTPUT) 



V 



tpZL 

* *■ 



t 



-« — > 

tPLZ 



$F 
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M74LS668P 

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 



DESCRIPTION 

The M74LS668P is a semiconductor integrated circuit 
containing a synchronous decade counter function with an 
up/down control input and preset input. 

FEATURES 

• Fully synchronous operation for counting and program- 
ming 

• Integral look-ahead for counting 

• Carry output for n bit cascading 

• Fully independent clock circuit 

• Up/down control input provided 

• Preset input provided 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

This device operates with the preset, up/down control 
and enable function synchronized to the rising edge of the 
clock pulse. 

Data is also acquisitioned from outputs Q A thru Q D on 
the rising edge of clock input T, synchronized with (and in 
response to) data input at D A thru D D ; and occurs after 
preset is initiated by dropping load input (LOAD) to a 
low-level. 



PIN CONFIGURATION (TOP VIEW) 



UP/DOWN _ . 1 

CONTROL U/D-* ll 
INPUT 

CLOCK INPUT T -+ \z_ 
(D A — {£ 
D B — {£ 
Do— U 

D D -» [T 

COUNT _ 

ENABLE E P -* \T 
INPUT L - 

GND [T 



DATA 
INPUTS 




i__ CARRY 

J5J-*RCO OUTPUT 



OUTPUTS 



, COUNT 

ufl «_e t enable 

— ' INPUT 

Tl «-LOAD LOAD 
' — ' INPUT 



Outline 16 P4 



Up/down counter operations are initiated when LOAD is 
high-level, and the count enable input (E P and E T ) is low- 
level. The counter increments (up) when control input 



U/D is high-level, and decrements (down) at low-level. 

Carry output (RCO) goes low-level (active) at9 2 during 
up counting operations and at 2 while the count is going 
down. The synchronous feature of the counter permits it 
to be cascaded for use as a decade counter. (See the applica- 
tion example provided in the back of this specification 
sheet.) 

Counter operations are inhibited when LOAD and (E P 
or E T ) are all high-level. 



BLOCK DIAGRAM 




. T 



<!>-<j>^Xjk>-^) 

U/D LOAD EpE T D A 



CLOCK UP/DOWN LOAD >nMNT 

INPUT C ?^x° L INPUT ENABLE 
INPUT |NPUT 



DATA INPUTS 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 



FUNCTION TABLE (Note D 


LOAD 


E^ 


eT 


u/5 


T 


Q A 


Q B 


Oc 


Qd 


RCO* 


L 


X 


X 


X 


t 


Da 


Db 


Dc 


Dd 


H 


H 


L 


L 


H 


T 


COUNT UP 


H 


H 


L 


L 


L 


T 


COUNT DOWN 


H 


H 


H 


X 


X 


X 




H 


H 


X 


H 


X 


X 











Note 1 . t 
X 



Transition from low to high 

Irrelevant 

RCO is normally at high-level, however, when E T is low and the coun ter is incrementing, Qa is high- 
level, Qb is center-level, Qc is low-level, and Qq is high-level, and R CO will go low-level. Also, when the 
counter is decrementing, Qa. Qb. q C a nd Q D will be low, and RCO will also be low. 

RCO = Qa-Qd-(U/D).eT __ 

RCO=Qa-Qb-Qc*Qd*(U/d>Et 



TIMING DIAGRAM 



D A P 

D B |" 

do_t 



D D 



"T_njrunjnjiJTjT_jT^ 




LOAD 


COUNT UP 


INHIBIT 


COUNT DOWN 


(1) 


(2) 


(3) 


(4) 


"iming diagram notes: 








(1) Preset at 7 








(2) Increment at 8, 9, 0, 1,2 








(3) Count inhibit 








(4) Decrement at 1. 0,9,8, 7 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 

ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75*C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vj 


Input voltage' 




-0.5-+15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65-+150 


°C 



RECOMMENDED OPERATING CONDITIONS(Ta = -20~+75°C, unless otherwise noted ) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


'oh 


High-level output current 


V OH ^2.7V 







-400' 


//A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O l^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75"C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


V C c = 4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


V CC = 4.75V, V|=0.8V 
V|=2V, l O H=-400//A 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V| = 0.8V, V|=2V 


| 0L = 4mA 




0.25 


0.4 


V 


!0L == 8mA 




0.35 


0.5 


V 


llH 


High-level input 
current 


Da, D b , D c , D d , Ep,U/D 


V C c = 5.25V, V| = 2.7V 






20 


juA 


T, Ef 






20 


LOAD 






40 


D A , D b , D c , D d ,eTF, U/D 


V C c = 5.25V, V,= 10V 






0.1 


mA 


t,e7 






0.1 


LOAD 






0.2 


IlL 


Low-level input 
current 


Da, D b , D c , D d ,e^, u/D 


V C c = 5.25V, V|=0.4V 






-0.4 


mA 


t,eT 






-0.4 


LOAD 






-0.8 


I OS ' 


Short-circuit output current (Note 2) 


V C c = 5.25V, V O = 0V 


-20 




-100 


mA 


ice 


Supply current 


V C c = 5.25V (Note 3) 




20 


34 


mA 



* : All 

Note 2. 

3. 



typical values are at Vqc = 5V, T a = 25°C. 
All measurements should be done quickly, and not more than one output should be shorted at a time. 
Ice is measured after applying a momentary 4.5V, then ground, to clock input with other inputs grounded and the outputs open. 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 

SWITCHING CHARACTERISTICS (Vcc=5V, T a =25-C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 4) 


25 


45 




MHz 


tpi_H 


Low-to-high-level, high-to-low-level output. propagation 
time, from input T to output RCO 




24 


40 


ns 


tpHL 




30 


60 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qa. Qb. 0-C. and O-D 




18 


27 


ns 


tpHL 




15 


27 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ej to output RCO 




10 


17 


ns 


tpHL 




24 


45 


tpi_H 


. Low-to-high-level, high-to-low-level output propagation 
time, from input U/D to output RCO 




20 


35 


ns 


tpHL 




20 


40 



TIMING REQUIREMENTS (Vcc = 5V, Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw 


Clock T pulse width 




25 


10 




ns 


tsu( D ) 


Setup time Da~Dq to T 


20 


18 




ns 


t su (E ) 


Setup time E T , Ep to T 


35 


26 




ns 


^(LOAD) 


Setup time LOAD to T 


25 


15 




ns 


tsUCu/D) 


Setup time U/D to T 


30 


20 




ns 


th 


Setup time of all inputs to T 





-15 




ns 



Note 4. Measurement circuit 



INPUT 
O 



PG 



Vcc OUTPUT 

O 



50 Q. ~ 



-fir w 



:±:Cl 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 6ns, 
t w = 500ns, V P = 3Vp. P , Z = 50ft. 

(2) Cl includes probe and jig capacitance. 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(T) t W (T) 



Oa 
Ob 



Oc 



Qd 



RCO 



\ / 



tPLH 



/ 



tPHL 
«s =»- 



tPHL 
«= =» 



V-* 



\ 



tPHL 



■#■ 



X 



tPHL 



\ 



tPHL 

«e s> 



\ 



/ 



tPLH 

■* >■ 



/ 



tPLH 



/ 



tPHL 



/ 



tPLH 



\ 



/ 



t W (T) 



*\ / L_^^^_/ 



LOAD 



tsu (LOAD) 



D A ~D D 



Epor Ey 



tsu (D) 



tw(T) 



th (LOAD) 



/ 



th(D) 



\ 



tsu (E) 



\ 



tsu (U/D) 



th(U/D) 

«= *> 



/ 






tsu (U/D) 



13 



th(E) 



th (U/D) 



tPHL 



RCO 



\ 



r 



/ 
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER 



APPLICATION EXAMPLE 
10 n counter with cascade connection 



H 
O— C 



ENABLE _ 
INPUT 



t t t f 



Qa Qb Qc Qd 

Ep 

E T M74LS668P rco|>- 

T 

LOAD U/D D A Db Dc Dp 



V J, f f t t 



H 



H 
O-O 



11 



Qa Qb Qc Qd 



M74LS668P rco O 



LOAD U/D D A Db Dc Dp 



yyTTTT 



H 
O— C 



t t t t 



Qa Qb Qc Qd 



-CJEt M74LS668P RC0|O-^ FOLLOWING 
STAGE 

T 

LOAD U/D D A Db Dc Dp 



V i 1 t 1 t 
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M74LS669P 

SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER 



DESCRIPTION 

The M74LS669P is a semiconductor integrated circuit 
containing a synchronous 4-bit binary counter function 
with an up/down control input and preset input. 

i 
FEATURES 

• Fully synchronous operation for counting and pro- 
gramming 

• Integral look-ahead for counting 

• Carry output for n bit cascading 

• Fully independent clock circuit 

• Up/down control input provided 

• Preset input provided 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

This device operates with the preset, up/down control 
and enable function synchronized to the rising edge of the 
clock pulse. 

Data is acquisitioned from outputs Q A thru Q D on the 
rising edge of clock input T, synchronized with (and in 
response to) data input at D A thru D D ; and occurs after 
preset is initiated by dropping load input (LOAD) to a 
low-level. 

Up/down counter operations are initiated when LOAD is 
high-level, and the count enable input (E^ and E^) is low- 



PIN CONFIGURATION (TOP VIEW) 


UP/DOWN ||/R r— 
CONTROL U/D— ► [1 
INPUT 

CLOCK INPUT T-* [T 


W 




Te] vcc 

— 1 —^TL CARRY 
J5] — RCO OUTPUT 




1 




U/D 
>T RCO 






D A — [T 




D A Qa 




14] -Qa 




DATA 
INPUTS 


D B -> [J 
Dc— [J 




D b Qb 
D C Qc 




13|->Qb 
l-Qc 


OUTPUTS 




d d -> IT 




D D Qd 




u\ -»Qd 




COUNT - r— 
ENABLE Ep-* |_7 
INPUT 

GND [T 




Ep Et 
LOAD 


o- 


__ COUNT 

To] 4^e t enable 

— ■ INPUT 

"51 «- LOAD LOAD 
— ' INPUT 




Y 








Outline 16 P4 







level. The counter increments (up) when control input U/D 
is high-level, and decrements (down) at low-level. 

Carry output (RCO) goes low-level (active) at 15 2 during 
up operations, and at O2 while the count is going down. 
The synchronous feature of the counter permits it to be 
cascaded for use as a binary counter. (See the application 
example given for M74LS668P.) 

Counter operations are inhibited when LOAD and (E P 
or E T ) are all high-level. 



BLOCK DIAGRAM 




GND 
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SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER 



FUNCTION TABLE (NoteD 


LOAD 


E^ 


e? 


U/D 


T 


Q A 


Qb 


Oc 


Qd 


RCO* 


,L 


X 


X 


X 


T 


Da 


Db 


Dc 


Dd 


H 


H 


L 


L 


H 


T 


COUNT UP 


H 


H 


L 


L 


L 


T 


COUNT DOWN 


H 


H 


H 


X 


X 


X 




H 


H 


X 


H 


X 


X 











Note 1 . t 
X 



Transition from low to high 

Irrelevant 

RCO is normally at high-level, however, when Ey" is low and the counter is incrementing, Qa, Qb. Qc ar| d Qd w i" be high, and RCO will be low. 

Also, when the counter is decrementing, Qa, Qb. Qc ar) d Qd w iH be low, and RCO will also be low. 

rco = Qa»Qb-Qc-Qd-(u/d)-eT_ 

RCO = 0a-0b*0c-0d(U/D)-E t 



TIMING DIAGRAM 



(Ejor E P ) 




INHIBIT 
(3) 



COUNT DOWN 
(4) 



Timing diagram-notes: 

(1) Preset at 13 

(2) Increment at 14, 15,0, 1,2 

(3) Count inhibit 

(4) Decrement at 1,0, 15, 14, 13 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75'C, unless otherwise noted') 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




— 0.5 — h15 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°c 


Tstg 


Storage temperature range 




-65-+150 


°C 



RECOMMENDED OPERATING CONDITIONS (T a = -20~+75°C, unless otherwise noted) 



Symbol 


Parameter ^ 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 







-400 


*A 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


Vql^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (T a = -20~+75'C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ 


Max 


V| H , 


High-level input voltage 




2 






v 


VlL 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc=4.75V, lic=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc = 4.75V, V|=0.8V 
V|=2V, l O H=-400/iA 


2.7 


3.4 




V 


Vol 


Low-level output voltage 


V CC = 4.75V 
V|=0.8V, V|=2V 


IOL=4mA 




0.25 


0.4 


V 


IOL := 8mA 




0.35 


0.5 


V 


Iih 


High-level input 
current 


Da, D b , D c , D d , Ep,U/D 


Vcc = 5.25V, V|=2.7V 






20 


//A 


T, IT 






20 


LOAD 






40 


Da, D b , D c ,D d , E^,U/D 


V C c=5.25V, V|=10V 






0.1 


mA 


t.eT 






0.1 








0.2 


LOAD 


IlL 


Low-level input 
current 


D A , D B , D c , D D , E^, U/D 


Vcc = 5.25V, V|=0.4V 






-0.4 


mA 


T.Er" 






-0.4 


LOAD 






-0.8 


los 


Short-circuit output current (Note 2) 


Vcc = 5.25V, V O =0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 3) 




1 20 


34 


mA 



* All typical values are at Vcc = 5V, T a = 25 C. 

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time. 

3. Ice is measured after applying a momentary 4.5V, then ground, to the clock input with r all other inputs grounded. 
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SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER 

SWITCHING CHARACTERISTICS (Vco=5V,Ta = 25-C, unless otherwise noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fmax 


Maximum clock frequency 


C L =15pF (Note 4) 


25 


30 




MHz 


tpi_H 


Low-to-high-level, high-to-low-level output 
propagation time, from input T to output RCO 




24 


40 


ns 


tpHL 




32 


60 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input T to outputs Qa. O-b, Qc- ancl O-D 




20 


27 


ns 


tpHL 




15 


27 


tpLH 


Low-to-high-level, high-to-low-level output 
propagation time, from input E-p to output RCO 




10 


17 


ns 


tpHL 




28 


45 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time, from input U/D to output RCO 




25 


35 


ns 


tpHL 




20 


40 



TIMING REQUIREMENTS (V C c=5V,Ta=25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw 


Clock T pulse width 




25 


12 




ns 


tsu(o) 


Setup time D A ~Dp to T 


20 


18 




ns 


tsu(E) 


Setup time E T , E P to T 


35 


26 




ns 


^(LOAD) 


Setup time LOAD to T 


25 


15 




ns 


tsUdj/D) 


Setup time U/D to T 


30 


20 




ns 


th 


Setup time of all inputs to T 





-15 




ns 



Note 4. Measurement Circuit 



V C C OUTPUT 

O 



:C L 



( 1 ) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 6ns, 
t w = 500ns, V P = 3Vp- P , Z = 50fi. 

(2) C L includes probe and jig capacitance. 
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SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(T) t W (T) 



Qa 
Qb 



Qc 



Qd 



RCO 



\ / 



tPLH 



/ 



tPHL 



tPHL 



w 



\ 



tPHL , 



-Vr 



X 



X 



X 



/ 



tPLH 



/ 



tPLH 

*= >( 



f 



tPLH. 



\ 



/ 






/ 



t W (T)- 



'"% / \_Jt \_/ 



LOAD 



tsu (LOAD) 



D A ~D D 



Epor Ey 



tsu (D) 



t W (T) 



th (LOAD) 



/ 



th(D) 



\ 



tsu(E) 



\ 



/ 



tsu (U/D) 



th (U/D) 

«= * 






tsu (U/D) 



E T 






th( 



th (U/D) 



tPHL 



\ 



tPLH 



/ 
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4-BY-4 REGISTER FILE WITH 3-STATE OUTPUTS 



DESCRIPTION 

The M74LS670P is a semiconductor integrated circuit 
containing a 4 word x 4 bit register file circuit with 3-state 
outputs. 

FEATURES 

• Since read address and write address are independent, 
simultaneous writing and reading of data is possible. 

• Provided with read enable input and output control 
inputs 

• Storage capacity can be easily expanded with the aid of 
the enable input. 

• AND-tie may be used (With 3-state output) 

Wide operating temperature range (T a = -20 ~ +75° C) 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment. 

FUNCTIONAL DESCRIPTION 

16 flip-flops are used as storage devices, and a discrete 
enable input, address input, and output controlling input 
are provided for reading and writing. Accordingly, during 
writing, the contents of other words can be read, and 
during reading, other words can be written, thereby 
enhansing to high-speed operation. 

The 3-state output permits 128-output AND-tie even in the 
worst condition. Expansion of up to 512 words is possible, 
possible. 



PIN CONFIGURATION (TOP VIEW) 



DATA 
INPUTS 



READ 

ADDRESS 

INPUTS 



•E 
•E 



Di 

D 2 

D 3 -|T 
| R B — [T 
I Ra-* {£ 

I Q3«-GE 

GND {£ 



1 



D 2 D 'Do 



D 3 W A 
R B W B 
Ra Ew 
Q3 OC 
Q 2Ql Qo 



TeJ Vcc 

4- Do DATA INPUT 

HI «- W A I WR1TE 

ADDRESS 
13] «_ Wb ) INPUTS 

— 1 _ WRITE 

121 <♦- Ew ENABLE 

— ' INPUT 

OUTPUT 

«- OC CONTROL 
INPUT 

ToJ — Q 

T] — Q, 



Outline 16 P4 



Writing Method 

By designating a word using write address inputs W A and 
W B and applying data to the data inputs D 0/ D lf D 2 , 
and D 3 , writing into each bit is performed. For writing 
the write enable input E w is held low (Writing will not 
be performed if E w is high) 
Readout Method 

When a word is designated by read address inputs R A 
and R B , the contents of each bit appear in the outputs 
Q , Q-i, Q2, and Q 3 . For reading the output control 
input OC is held low. (when OC is high, all the outputs 
are in the high-impedance state). 



BLOCK DIAGRAM 

OUTPUT CONTROL INPUT OC (ft 

(Rb(4 
READ ADDRESS INPUTS 



WRITE ADDRESS INPUTS 

|WB(13)- 

WRITE ENABLE INPUT E~w" (12)- 




O O 53 

ot xn w - 



BIT 1 



v DO 



WORD 2 



WORD 



BIT 2 A BIT 3 

D2 



I) ® 

D3 , GND 



DATA INPUTS 
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4-BY-4 REGISTER FILE WITH 3-STATE OUTPUTS 



FUNCTION TABLE (Note D 
Writing Method 



Readout Method 



W A 


W B 


Ew 


Word 





1 


2 


3 


X 


X 


H 


0° 


Q° 


Q° 


0° 


L 


L 


L 


Q = D 


Q° 


Q° 


0° 


H 


L 


L 


Q° 


Q = D 


Q° 


0° 


L 


H 


L 


Q° 


Q°, 


Q = D 


Q° 


H 


H 


L 


Q° 


• go 


0° 


= D 



Ra 


Rb 


OC 


Qrj 


Q1 


02 


03 


X 


X 


H 


Z 


z 


z 


z 


L 


L 


L 


Wo Bo 


W B! 


W0B2 


W0B3 


H 


L 


L 


WtBo 


WtBt 


W1B2 


W!B 3 


L 


H 


L 


W 2 B 


W 2 Bi 


W2B2 


W 2 B 3 


H 


H 


L 


W 3 B 


W3B1 


W3B2 


W3B3 



ABSOLUTE MAXIMUM RATINGS <T a 



-20~+75°C, ) 



Note 1 : Q0 ; The level of Q before the indicated steady-state input conditions were 
established. 
Q = D : The four selected internal latch outputs will assume the states applied 

to the four external data inputs. 
WxBy : The Yth bit of word X. X : irrelevant Z : high-impedance 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 




— 0.5— +15 


V 


v 


Output voltage 


Off-state 


-0.5-4-5.5 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


°C 


Tstg 


Storage temperature range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta= -20- + 75"C. unless otherwise noted) 



Symbol 






Limits 


Unit 


Parameter 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V OH ^2.4V 







-2.6 


mA 


lOL 


Low-level output current 


V O l^0.4V 







4 


mA 


V O L^0.5V 







8 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20- +70°C, unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V. hc=-18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C C=4.75V, V|=0.8V 
V| = 2V, l H=-2.6mA 


2.4 


3.1 




V 


Vol 


Low-level output voltage 


V C c=4.75V 

V| = 0.8V, V|=2V 


IOL = 4mA 




0.25 


0.4 


V 


IOL=8mA 




0.35 


0.5 


V 


Iozh 


Off-state high-level output current 


V C c=5.25V, V|=2V, V|=2.7V 






20 


//A 


IOZL 


Off-state low-level output current 


V C c=5.25V. V|=2V. V|=0.4V 






-20 


mA 


Iih 


High-level input current 


Ew 


V C c = 5.25V, V|=2.7V 






40 


vA 


OC 






60 


Other input 






20 


Ew 


Vcc=5.25V, V|=10V 






0.2 


mA 


OC 






0.3 


Other input 






0.1 


IlL 


Low-level input current 


Ew 


Vcc = 5.25V, V|=0.4V 






-0.8 


mA 


OC 






-1.2 


Other input 






-0.4 


los 


Short-circuit output current (Note 2) 


V C c=5.25V, V o =0V 


-30 




-130 


mA 


Ice 


Supply current 


Vcc = 5.25V (Note 3) 




30 


50 


mA 



* : All typical values are at Vcc = 5V # Ta = 25° C. 
Note 2: All measurements should be done quickly, and not more than 
3: Ice is measured with W A , Wb, Ra. Rb inputs grounded and D ( 



one output should be shorted at a time. 
'o ~D 3 ,Ew,OC inputs at 4.5V. 
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SWITCHING CHARACTERISTICS (V GC = 5V, Ta=25*C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpi_H 


Low-to-high-level, high-to-low-level output propagation 
time, from input Ra. Rb to output Q0.Q1.Q2.Q3 


C L =15pF (Note 4) 




11 


40 


ns 


tpHL 




14 


45 


ns 


tpLH 


Low-to-high-level, high-to-low-level output propagation 
time,, from input Eyv to output Qo. Q1. Q2. Q3 




11 


45 


ns 


tpHL 




16 


50 


ns 


tpi_H 


Low-to-high-level, high-to-low-level output propagation time 






9 


45 


ns 


tpHL 


from input Do. D], D2. D3 to output Qo. Q1. Q2. Q3 






14 


40 


ns 


tpZH 


Output enable time to high-level 


R L = 2kQ, C L =15pF (Note4) 




6 


35 


ns 


tpZL 


Output enable time to low-level 


R L = 2kQ, C L =15pF (Note4) 




10 


40 


ns 


tpHZ 


Output disable time from high-level 


R L = 2kQ, C L = 5pF (Note4) 




16 


50 


ns 


tpLZ 


Output disable time from low-level 


R L = 2kQ, C L = 5pF (Note4) 




7 


35 


ns 



Note 4: Measurement circuit 




VSW2 



Symbol 


SW1 


SW2 


tPZH 


Open 


Closed 


tpZL 


Closed 


Open 


tPLZ 


Closed 


Closed 


tPHZ 


Closed 


Closed 



(1) The pulse generator (PG) has the following 
characteristics: 

PRR = 1 MHz, t r = 6ns, tf = 6ns. t w = 500ns, 
V P = 3Vp.p,Z = 50n 

(2) All diodes are switching diodes (t rr < 4ns) 

(3) Cl includes probe and jig capacitance. 



TIMING REQUIREMENTS (Vcc = 5V, Ta=25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(E^) 


Write enable input Ew pulse width 




25 


9 




ns 


tweoc) 


Output control input OC pulse width 


25 


9 




ns 


tsu(D) 


Setup time Do~-D3 to Ew 


10 


5 




ns 


tsu(W) 


Setup time Wa, Wb to Ew 


15 


-2 




ns 


thCD) 


Hold time Do~D3 to Ew 


15 


1 




ns 


th (W) 


Hold time W A , W B to E~w 


5 







ns 


tlatch 


Latch time for new date (Note 5) 


25 


5 




ns 



Note 5: Latch time is the time allowed for the internal output of the latch to assume the state of new data. 



TIMING DIAGRAM (Reference level = 1.3V) 

tw(E^) 



Dq~D 3 

Ew 



Qo ~Q3 



Ra. Rb 



Qo~Q3 



V 






\ 



f 



"V 



i 



Note 6: The shaded areas indicate when the input is permitted to change for 
predictable output performance. 



W A , W b 



Do~D 3 



Ra, Rb 



Qo~Q3 



Qo~Q3 



s 



\ 



w 



' tsu( D j , trUD)^ ! 



tsu(W) t|atch 



\ 



I 



I 



L^tn 



fl(W) 



\ 



/ 



l PLZ 
< »■ 



7L^0.5V 



V' 



,5V 
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M74LS682P 

8-BIT MAGNITUDE COMPARATOR 



DESCRIPTION 

The M74LS682P is a semiconductor integrated circuit con- 
taining two 8-bit words comparator functions. 

FEATURES 

• Hysteresis at inputs (width = 400mV typical) 

• Internal 24k£2 pull-up resistors on the Q inputs 

• Active pull-up outputs 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

Two eight-bit binary or BCD words are applied at inputs 
P ~ P7 and Q ~ Q7. The results as shown in Function 
Table are expressed at outputs Op>Qand Op=Q. 

Q ~Q 7 have internal pull-up resistors (=24k£2), so that 
misoperation due to noise is reduced on condition that 
Q ~Q 7 are open. 

Beside the IC, there are eight-bit digital comparators 
varying input/output formats. They are shown in the table. 
The detailed information are shown in individual catalogue. 

An example of the extention bits is shown in the appli- 
cation. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT Op> ^- \T- 

' Po-* [T- 

Qo— * \£_- 

Pi-* |T- 

Qi^ [T- 

P 2 -> |T- 

Q 2 — > \± 

P3-* |T- 

L 3 ^ [T- 

GND [7c[ 



COM PA 
RATOR < 
INPUTS 



V 



A 


Op>Q 
PO Op=Q 


Qo 




07 


Pi 




P7 


Qi 




06 


P 2 




P 6 


Q2 




05 


P3 




P5 


03 


P4 


04 



20] Vcc 

j7| — *0p = OUTPUT 

31] *— 07 

77] ^p 7 

7i] ^-0 6 

23 — Pe 

77] *— o 5 

77] — P5 

77] *-0 4 

m — P4 



COMPA 

? RATOR 

INPUTS 



Outline 20P4 



8-BIT MAGNITUDE COMPARATORS TABLE 



Type 
designation 


Inputs 


Outputs 


Q24kn pull-up 


E 






Format 


P =o 


Op>o 


M74LS682P 


Yes 


No 


Yes 


Yes 


Active pull-up 


M74LS683P 


Yes 


No 


Yes 


Yes 


Open collector 


M74LS684P 


No 


No 


Yes 


Yes 


Active pull-up 


M74LS685P 


No 


No 


Yes 


Yes 


Open collector 


M74LS688P 


No 


Yes 


Yes 


No 


Active pull-up 


M74LS689P 


No 


Yes 


Yes 


No 


Open collector 



BLOCK DIAGRAM 



Q Q Q Q 6 Q Q Q 




COMPARATOR INPUTS 



Op>o 




^20) Vcc 



(To) GND 
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FUNCTION TABLE 



P. Q 


Op = Q 


Op>Q 


P = Q 


L 


H 


P>Q 


H 


L 


P<Q 


H 


H 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~ + 751C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


Inputs P 


— 0.5 — h15 


V 


Inputs Q 


-0.5~Vcc + 0.5 


V 


Vo 


Output voltage 


High-level state 


-0.5~Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


°c 


T s tg 


Storage temperature range 




-65--M50 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ + 75t;, unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V h^2.7V 







-400 


/M 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


V O l^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS ( Ta= - 20 -+75T;, unless otherwise noted) 



Symbol 






Test conditions 


Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vt + -V T - 


Hysteresis width 


Vcc = 4. 75V 




0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, hc=-18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V, V| =2V, V| =0.8V, Ioh= -400// A 


2.7 






V 


Vol 


Low-level output voltage 


V C c = 4.75V 

V|=2V 

V|=0.8V 


loi_=12mA 




0.25 


0.4 


V 


10L = 24mA 




0.35 


0.5 


V 


hH 


High-level input current 


P, Q 


VCC = 5.25V, V| = 2.7V 






20 


fiA 


P 


Vcc = 5.25V, V| = 10V 






0.1 


mA 


Q 


Vcc = 5.25V, V| = 5.5V 


IlL 


Low-level input current 


P 


V C C = 5.25V, V| = 0.4V 






-0.2 


mA 


Q 






-0.4 


mA 


I OS 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


Ice 


Supply current 


Vcc = 5. 25V (Note 2) 




42 


70 


mA 



* : All typical values are at Vcc = 5V, T a = 25°C. 

Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 
2: Ice is measured with all inputs at value of 4.5V. 
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SWITCHING CHARACTERISTICS (V C C = 5V, Ta = 25r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op=Q 


C L = 45pF (Note 3) 

All other input pins in low-state 




13 


30 


ns 


tPHL 




16 


30 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op=Q 




12 


30 


ns 


tPHL 




17 


30 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op>Q 




24 


30 


ns 


tPHL 




21 


30 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output O p> q 




26 


30 


ns 


tPHL 




27 


30 



Note 3: Measurement circuit 



INPUT Vcc OUTPUT 

Q O 



50Q ; 



± C L 



(1 ) Thepulse generator (PG) has the following characteristics: , 
PRR = 1 MHz, t r = 6ns, tf = 6ns, t w = 500ns, Vp = 3Vp.p, 
Z = 50ft 

(2) C[_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



/ 



P = Q 



Op>o 



tPHL 



tPLH 



J 



I 



tPLH 





tPHL 

«c »• 



7 



tPLH 



/ 



tPLH 

«« > 



tPHL 
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APPLICATION EXAMPLE 
Example of 15-bit comparator 

Op<Q 



1/4M74LSOOP 



6 



Op>q 



-0- 



Op=Q Op>Q 

M74LS682P 

Pq Qo Pi Oi P7 O7 



mi n 



Po Qo Pi Qi 



P7 Q7 



P = Q 



Op>o 



I I 



£l 



£l 



Op=Q Op>Q 

M74LS682P 

Po Qo Pi Qi P7 Q7 



mi-ii 

I F>8 Q8 P 14 Ql4 
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8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT 



DESCRIPITON 

The M74LS683P is a semiconductor integrated circuit con- 
taining two 8-bit words comparator functions with open 
collector outputs. 

FEATURES 

• Hysteresis at inputs (width = 400m V typical ) 

• Internal 24k£2 pull-up resistors on the Q inputs 

• Open collector outputs 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

Two eight-bit binary or BCD words are applied at inputs 
P ~P 7 and Q ~Q7. The results as shown in Function 
Table are expressed at outputs Op>Q and P=Q . 

Q ~Q 7 have internal pull-up resistors (=24kfi), so that 
misoperation due to noise is reduced on condition that 
Q ~Q 7 are open. 

Beside this IC, there are eight-bit digital comparators 
varying input/output formats. They are shown in the 
table. The detailed information are shown in individual 
catalogue. 

An example of the extention bits is shown in the appli- 
cation of M74LS682P. 



PIN CONFIGURATION (TOP VIEW) 


OUTPUT Op>q*— 


E 
E 


^-4 




2o| Vcc 

77] — *0p= Q OUTPUT 




(S 




r 




Op>Q 

Po Op= 


* 

>- 




Qo^ 


E 




0o 07 




T[] *-Q? " 




COMPA 
RATOR < 
INPUTS 


Qi — 

P2-> 
02-* 


E 
E 
E 
E 




Pi P7 

Qi Qe 
P 2 Pe 

Q 2 Q5 




it] — P7 
TT] *— Qe 

m *- p 6 

3 *— Q 5 


COMPA 

> RATOR 

INPUTS 




P3 — 


E 




P 3 p 5 




77) *-p 5 






[ 03 — 


E 
E 




Q 3 P4 Q4 




77] *— Q4 




GND 










ill p 4 J 




* : OPEN COLLECTOR OUTPUTS 
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8-BIT MAGNITUDE COMPARATORS TABLE 



Type 
designation 


Inputs 


Outputs 


Q24kn pull-up 


E 


P = o 


Op>o 


Format 


M74LS682P 


Yes 


No 


Yes 


Yes 


Active pull-up 


M74LS683P 


Yes 


No 


Yes 


Yes 


Open collector 


M74LS684P 


No 


No 


Yes 


Yes 


Active pull-up 


M74LS685P 


No 


No 


Yes 


Yes 


Open collector 


M74LS688P 


No 


Yes 


Yes 


No 


Active pull-up 


M74LS689P 


No 


Yes 


Yes 


No 


Open collector 



BLOCK DIAGRAM 



P = o 



OUTPUTS 




<20)Vcc 



Q Q Q Q Q 6 Q 




P7 O7 Pe Qe P5 Q5 P4 04 P3.O3 P2O2 Pi. Oi Po Oo 



9 GND 



COMPARATOR INPUTS 



OPEN COLLECTOR OUTPUTS 



2-456 



MITSUBISHI 
.ELECTRIC 



MITSUBISHI LSTTLs 

M74LS683P 

8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT 



FUNCTION TABLE 



P, Q 


Op = Q 


Op>o 


P = Q 


L 


H 


P>Q 


H 


L 


P<Q 


H 


H 



ABSOLUTE MAXIMUM R ATI NGS(Ta = -20~ + 751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


V| 


Input voltage 


Inputs P 


-0.5- + 15 


V 


Inputs Q 


-0.5~Vcc + 0.5 


V 


Vo 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


■c 


T stg 


Storage temperature range 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~ + 75X;. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


lOH 


High-level output current 


V = 5.5V 







100 


M 


lOL 


Low-level output current 


Vol^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20~ + 751C. unless otherwise noted) 



Symbol 










Limits 


Unit 






Min 


Typ* 


Max 


VlH 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vt+-V T - 


Hysteresis width 


Vcc = 4.75V 




0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic=-18mA 






-1.5 


V 


I OH 


High-level output current 


Vcc = 4.75V, Vi =2V, Vi =0.8V, V = 5.5V 






100 


fit A 


Vol 


Low-level output voltage 


Vcc = 4. 75V 

V|=2V 

V|=0.8V 


IOL = 12mA 




0.25 


0.4 


V 


JOL = 24mA 




0.35 


0.5 


V 


Iih 


High-level input current 


P. Q 


Vcc = 5. 25V, V| = 2.7V 






20 


M 


P 


Vcc = 5.25V, V| = 10V 






0.1 


mA 


Q 


Vcc = 5.25V, V| = 5.5V 


IlL 


Low-level input current 


P 


Vcc = 5.25V, V| = 0.4V 






-0.2 


mA 


Q 






-0.4 


mA 


Ice 


Supply current 


Vcc = 5. 25V (Note 1) 




42 


70 


mA | 



* : All typical values are at Vqq = 5V, T a = 25°C. 

Note 1 : Ice is measured with all inputs at value of 4.5V. 
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SWITCHING CHARACTERISTICS (v cc =5v. 


Ta = 25'C , unless otherwise noted ) 










Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op=Q 


R L =667Q, C L = 45pF (Note 2) 
All other input pins in low-state. 




23 


45 


ns 


tPHL 




20 


30 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op=Q 




21 


40 


ns 


tPHL 




20 


35 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op>Q 




26 


45 


ns 


tPHL 




22 


30 


tPLH 


Low-to-high level high-to-low level output 
propagation time from inputs Q to output Op>Q 




28 


45 


ns 


tPHL 




26 


30 



Note 2 : Measurement circuit 



INPUT Vcc Vcc OUTPUT 

Q 9 Q Q 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50J2 

(2) Cl includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



P = Q 



Op>Q 
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DESCRIPTION 

The M74LS684P is a semiconductor integrated circuit con- 
taining two 8-bit words comparator functions. 

FEATURES 

• Hysteresis at inputs (width = 400mV typical ) 

• Active pull-up outputs. 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

Two eight-bit binary or BCD words are applied at inputs 
P ~ P 7 and Q ~ Q 7 . The results as shown in Function 
Table are expressed at outputs Op>Q and Op=q. 

Note that this IC, in comparison to M74LS682P, does 
not have internal pull-up resistors on its inputs Q ~ Q 7 . 

Beside this IC, there are eight-bit digital comparators 
varying input/output formats. They are shown in the table. 
The detailed information are shown in individual catalogue. 

An example of the extention bits is shown in the appli- 
cation of M74LS682P. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 07>0^— [T- 

' P -^ \T- 

Qo— * [T- 

Pi— * \T- 

Q^-^ \T- 

P2-* [7- 

Q 2 — |T. 

P3-* [7- 

Q 3 — * [T- 

GND QF 



COMPA 
RATOR { 
INPUTS 



A 


Op>o 
Po Op= 


Qo 




07 


Pt 




P7 


Qi 




06 


P2 




Pe 


Qz 




05 


P3 




P5 


03 


P4 


04 



20] Vqc 

77] — *• 0p = OUTPUT 

Ts] *-Q 7 ^ 

n] *-P 7 

h[] — Q 6 

l[| — Pe 

77j *— o 5 

77] — p 5 

77] —04 

J3 -P4 



COMPA 
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NPUTS 
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8-BIT MAGNITUDE COMPARATORS TABLE 



Type 
designation 


Inputs 


Outputs 


Q24kft pull-up 


E 


P =o 


Op>o 


Format 


M74LS682P 


Yes 


No 


Yes 


Yes 


Active pull-up 


M74LS683P 


Yes 


No 


Yes 


Yes 


Open collector 


M74LS684P 


No 


No 


Yes 


Yes 


Active pull-up 


M74LS685P 


No 


No 


Yes 


Yes 


Open collector 


M74LS688P 


No 


Yes 


Yes 


No 


Active pull-up 


M74LS689P 


No 


Yes 


Yes 


No 


Open collector 



BLOCK DIAGRAM 



Op = 





6 6 6 .6 6 6 ' 6 ft 




Oi Po Qo 
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FUNCTION TABLE 



P. Q 


P =o 


Op>Q 


P = Q 


L 


H 


P>Q 


H 


L 


P<Q 


H 


H 



ABSOLUTE MAXIMUM RATINGS (Ta = -20- +751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5- + 7 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


v 


Output voltage 


High-level state 


-0.5~Vcc 


V 


T pr 


Operating free-air ambient temperature range 




-20-+75 


tt 


T stg 


Storage temperature range 




-65- + 150 


V 



RECOMMENDED OPERATING CONDITIONS (Ta = -20~ + 75'C. unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2.7V 





^ 


-400 


>A : 


lOL 


Low-level output current 


V O L^0.4V 







12 


mA 


Vol^0-5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20- 4- 751C .unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


Vih 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


Vt+-Vt- 


Hysteresis width 


Vcc = 4. 75V 




0.4 




V 


Vic 


Input clamp voltage 


V C c = 4.75V, l| C = -18mA 






-1.5 


V 


VOH 


High-level output voltage 


Vcc=4.75V,V|=2V,V|=0.8V,l O H=-400M 


2.7 






V 


Vol 


Low-level output voltage 


Vcc = 4.75V 
V|=2V 
V| =0.8V 


IOL = 12mA 




0.25 


0.4 


V" < 


IOL = 24mA 




0.35 


0.5 


v 


l|H 


High-level input current 


Vcc = 5.25V, V| = 2.7V 






20 


A<A 


V C C = 5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


V C C = 5.25V, V| = 0.4V 






-0.2 


mA 


los 


Short-circuit output current (Note 1 ) 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


lee 


Supply current 


Vcc=5.25V (Note 2) 




40 


65 


mA 



*>: All typical values are at Vqc = 5V,T a = 25°C. 

Note 1 : All measurements should be done quickly, and not more than one output should be shorted at a time. 
2: Ice ' s measured with all inputs at value of 4.5V. 



SWITCHING CHARACTERISTICS (v cc =5v. 


Ta = 25' 1 C, unless otherwise noted ) 










■ Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op=Q 


C L = 45pF (Note 3) 

All other input pins in low-state 




13 


30 


ns 


tPHL 




16 


30 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op=Q 




12 


30 


ns 


tPHL 




17 


30 


tPLH 


Low-to-high level, high-to-low level output 
. propagation time from inputs P to output Op>Q 




24 


30 


ns 


tPHL 




21 


30 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op>Q 




26 


30 


ns 


tPHL 




27 


30 
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Note 3: Measurement circuit 



INPUT Vcc OUTPUT 

Q 9 Q 



PG 



50Q ; 



PUT 



^c L 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, 2 = 50ft 

(2) Ci_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT 



DESCRIPTION 

The M74LS685P is a semiconductor integrated circuit con- 
taining two 8-bit words comparator functions with open 
collector outputs. 

FEATURES 

• Hysteresis at inputs (width = 400mW typical) 

• Open collector outputs 

• Wide operating temperature range (T a = -20 ~ +75°C) 



APPLICATION 

General purpose, for use in for 
equipment. 



industrial and consumer 



FUNCTIONAL DESCRIPTION 

The eight-bit binary or BCD words are applied at inputs 
Po ~ P7 and Q ~ Q7. The results as shown in Function 
Table are expressed at outputs Op>q and Op=q. 

Note that this IC, in comparison to M74LS683P, does 
not have internal pull-up resistors on its inputs Q ~ Q7. 

Beside this IC, there are eight-bit digital comparators 
varying input/output formats. They are shown in the table. 
The detailed information are shown in individual catalogue. 

An example of the extention bits is shown in the appli- 
cation of M74LS682P. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT Op>q •*— [T- 

" Po^ |T- 

Qo^ [T- 

P1— > \T- 

Qi^ [T- 

P2-* |T- 

Q2-* [J- 

P3-* [T- 

. 03— [T- 

GND [hT 
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Po Op=q|>- 
Oo 07 



P4 



P7H 
06 

Pe 

05 

P5 

04 



20] Vcc 

Ts] — *OpZq OUTPUT 

TT| *-07 " 

77] — P? 

7e] ^-Q 6 

T?| *-P 6 

77] ^-05 

77] *-p 5 

TF] .*- Q4 

77) *— p 4 



COMPA 

> RATOR 

INPUTS 



* : OPEN COLLECTOR OUTPUTS 

Outline 20P4 



8-BIT MAGNITUDE COMPARATORS TABLE 



Type 
designation 


Inputs 


Outputs 


Q24kft pull-up 


E 


P =o 


Op>o 


Format 


M74LS682P 


Yes 


No 


Yes 


Yes 


Active pull-up 


M74LS683P 


Yes 


No 


Yes 


Yes 


Open collector 


M74LS684P 


No 


No 


Yes 


Yes 


Active pull-up 


M74LS685P 


No 


No 


Yes 


Yes 


Open collector 


M74LS688P 


No 


Yes 


Yes 


No 


Active pull-up 


M74LS689P 


No 


Yes 


Yes 


No 


Open collector , 



BLOCK DIAGRAM 



Op = 



OUTPUTS 
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Op>o 




<20)Vcc 
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FUNCTION TABLE 



P, 


P = o 


Op>Q 


P = 


L 


H 


P>Q 


H 


L 


P<Q 


H 


H 



ABSOLUTE MAXIMUM RATINGS <Ta = -20- +75r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 


V 


Vi 


Input voltage 




-0.5~-f 15 


V 


Vo 


Output voltage 


High-level state 


-0.5-+7 


V 


Topr 


Operating free-air ambient temperature range 




-20-+75 


V 


T stg 


Storage temperature range 




-65- +150 


V 



RECOMMENDED OPERATING CONDITIONS ( Ta=- 20~ + 751C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V = 5.5V 







100 


y«A 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


V O L^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20~ +75-C. unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ* 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


V T +-Vt- 


Hysteresis width 


Vcc = 4.75V 




0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, l| C =-18mA 






-1.5 


V 


lOH 


High-level output current 


Vcc=4.75V, Vi =2V, Vi =0.8V, V = 5.5V 






100 


*A 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V| = 2V 
V|=0.8V 


loi_ = 12mA 




0.25 


0.4 


V 


IOL=24mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V| = 2.7V 






20 


A* A 


Vcc = 5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


V C C = 5.25V, V| = 0.4V 






-0.2 


mA 


Ice 


Supply current 


V C C = 5.25V (Note!) 




40 


65 


mA 



* : All typical values are at Vcc = 5V . T a = 25°C. 
Note 1 : Ice is measured with all inputs at value of 4.5V. 



SWI iCHlNG CHARACTERISTICS (V C C = 5V, Ta = 251C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op=Q 


Rl_ = 667Q, C L = 45pF (Note 2) 
All other input pins in low-state 




23 


45 


ns 


tPHL 




20 


35 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op=Q 




21 


45 


ns 


tPHL 




20 


35 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op>Q 




26 


45 


ns 


tPHL 




22 


35 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op>Q 




28 


45 


ns 


tPHL 




26 


35 
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Note 2: Measurement circuit • 

INPUT V C C V C C OUTPUT 





C 


) 


1 


\ 


C 

£R L 






DUT 


PG 










z 










50Q S 


z 


r 


T 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50i2 

(2) C|_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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Op>o 



tPHL 



tPLH 
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DESCRIPTION 

The M74LS688P is a semiconductor integrated circuit con- 
taining two 8-bit words comparator functions with enable 
input. 

FEATURES 

• Hysteresis at inputs P and Q (width = 400mV typical) 

• Provided with enable input (E) 

• Active pull-up output 

• Wide operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

When enable input E is low, two eight-bit binary or BCD 
words are applied at inputs P ~ P7 and Q ~ Q7. The 
results as shown in Function Table are expressed at output 

P =o. 

When E is high, Op=Q is high in spite of P ~ P7 and 

Q ~Q 7 - 

Beside this IC, there are eight-bit digital comparators 
varing input/output formats. They are shown in the table. 
The detailed information are shown in individual catalogue. 

An example of the extention bits is shown in the appli- 
cation. 



PIN CONFIGURATION (TOP VIEW) 



INPUT 


E— * 


II 




Po-* 


E 




Qo-> 


E 


COMPA 
RATOR < 
INPUTS 


Pi-* 
Q1-* 
P2-* 


E 
E 

E 




Q 2 — 


E 




P3-* 


E 




[ 03— 


E 




GND 


Qo 



~\y~ 



<s 


Po 


E 
Of 


> = Q 


Qo 




07 


Pi 




P? 


O1 




06 


P ? 




P 6 


02 




05 


P3 




P5 


03 


P4 


04 



20] Vcc 

Ta] -^Op = OUTPUT 

Ti] *— Q 7 ^ 

77] — P? 

7£] *— Q 6 

-IT] *-p 6 

-m] *-o 5 

-TTJ *-p 5 

.77] ^_q 4 

ID — P4 



COMPA 
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8-BIT MAGNITUDE COMPARATORS TABLE 



Type 
designation 


Inputs 


Outputs 


Q24kft pull-up 


E 


Op=o 


Op>o 


Format 


M74LS682P 


Yes 


No 


Yes 


Yes 


Active pull-up 


M74LS683P 


Yes 


No 


Yes 


Yes 


Open collector 


M74LS684P 


No 


No 


Yes 


Yes 


Active pull-up 


M74LS685P 


No 


No 


Yes 


Yes 


Open collector 


M74LS688P 


No 


Yes 


Yes 


No 


Active pull-up 


M74LS689P 


No 


Yes 


Yes 


No 


Open collector 



BLOCK DIAGRAM 



Op=o OUTPUT 

-fa 
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FUNCTION TABLE (Note D 



P. Q 


E 


Op = Q 


P = Q 


L 


L 


P>Q 


L 


H 


P<Q 


L 


H 


X 


H 


H 



Note 1 : X: Irrelevant 



ABSOLUTE MAXIMUM RATINGS (Ta=- 2 o 


_ 4. 75«c , u nless otherwise noted ) 






Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-+7 , 


V 


Vi 


Input voltage 




-0.5- + 15 


V 


Vo 


Output voltage 


High-level state 


-0.5- Vcc 


V 


Topr 


Operating free-air ambient temperature range 




-20~ +75 


°C 


T stg 


« Storage temperature range 




-65- + 150 


V 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75U unless otherwise noted) 



Symbol 






Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V H^2-7V 







400 


/xA 


lOL 


Low-level output current 


Vol^0-4V 







12 


mA 


V O L^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS ( Ta=- 20- + 75TJ, unless otherwise noted) 



Symbol 


Parameter 






Limits 


Unit 




Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


Vil 


Low-level input voltage 








0.8 


V 


Vt+-v t - 


Hysteresis width 


Vcc = 4.75V 




0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, hc = -18mA 






-1.5 


V 


Voh 


High-level output voltage 


V C c=4.75V, Vi =2V, Vi =0.8V, l H= -400>A 


2.7 






V 


Vol 


Low-level output voltage 


Vcc = 4. 75V 

V|=2V 

V|=0.8V 


loi_= : 12mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


V 


llH 


High-level input current 


V C c = 5.25V, V| = 2.7V 






20 


^A 


Vcc = 5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V| = 0.4V 






-0.2 


mA 


I OS 


Short-circuit output current 


Vcc = 5.25V, V O = 0V 


-20 




-100 


mA 


, Ice 


Supply current 


Vcc = 5. 25V (Note 2) 




40 


65 


mA 



* : All typical values are at Vqc = 5V, T a = 25°C. 

Note 2: Ice ' s measured with all other inputs at value of 4.5V. 
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SWITCHING CHARACTERISTICS (VCC = 5V, 13 = 2510. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op=Q 


C L =45pF (Note 3) 

All other input pins in low-state 




12 


23 


ns 


tPHL 




18 


28 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op=Q 




11 


23 


ns 


tPHL 




19 


28 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from input E to output Op=Q 




10 


18 


ns 


tPHL 




16 


20 



Note 3: Measurement circuit 

INPUT Vcc 





C 


) 


1 


) 









DUT 




PG 












50Q S 


T, 


r 


Wt 



(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50ft 

(2) C[_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 



Op = Q 
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V 



\ 



/ 



\ 



/ 
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P,Q 
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F 



\ 



tPLH tPLH 



APPLICATION EXAMPLE 
Example of 16-bit comparator 



Op = Q 

M74LS688P 

E P Oo Pi Qi P? 0? 



n n 1 - n 



"L" Po Qo Pi Qi 



P? 0? 



/ 



\ 



V 



tPLH tPLH 



Op = Q 



P = Q 

M74LS688P 

E Po Oo Pi Oi P7 Q7 
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DESCRIPTION 

The M74LS689P is a semiconductor integrated circuit con- 
taning two 8-bit words comparator functions with enable 
input and open collector output. 

FEATURES 

• Hysteresis at inputs P and Q (width = 400mV typical) 

• Provided with enable input (E) 

• Open collector output 

• Operating temperature range (T a = -20 ~ +75°C) 

APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment. 

FUNCTIONAL DESCRIPTION 

When enable input E is low, two eight-bit binary or BCD 
words are applied at inputs P ~ P7 and Q ~ Q 7 . The 
results as shown in Function Table are expressed at output 

Op^O; 

When E is high, Op=Qis high in spite of P ~ P 7 and Q 

~Q 7 . 

Beside this IC, there are eight-bit digital comparators 
varing input/output formats. They are shown in the table. 
The detailed information are shown in individual catalogue. 

An example of the extention bits is shown in the appli- 
cation in M74LS688P. 



PIN CONFIGURATION (TOP VIEW) 
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^P? 
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E 




Q1 Q 6 
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* : OPEN COLLECTOR OUTPUT 
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8-BIT MAGNITUDE COMPARATORS TABLE 



Type 
designation 


Inputs 


Outputs 


Q24kft pull-up 


E 


P = o 


Op>o 


Format 


M74LS682P 


Yes 


No 


Yes 


Yes 


Active pull-up 


M74LS683P 


Yes 


No 


Yes 


Yes 


Open collector 


M74LS684P 


No 


No 


Yes 


Yes 


Active pull-up 


M74LS685P 


No 


No 


Yes 


Yes 


Open collector 


M74LS688P 


No 


Yes 


Yes 


No 


. Active pull-up 


M74LS689P 


No 


Yes 


Yes 


No 


Open collector 



BLOCK DIAGRAM 



0p=q OUTPUT 
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FUNCTION TABLE (Note 1) 



P. o 


E 


Op = Q 


P = Q 


L 


L 


P>Q 


L 


H 


P<Q 


L 


H 


X 


H 


H 



Note 1 : X: Irrelevant 



ABSOLUTE MAXIMUM R ATI NGS(Ta=-20~ + 751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0.5-4-7 


V 


Vi 


Input voltage 




-0.5-4-15 


V 


v 


Output voltage 


High-level state 


-0.5-4-7 


V 


Topr 


Operating free-air ambient temperature range 




-20-4-75 


■c 


T stg 


Storage temperature range 




-65-4-150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta= -20- +75U unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5.25 


V 


I OH 


High-level output current 


V = 5.5V 







100 


/iA 


lOL 


Low-level output current 


V O l^0.4V 







12 


mA 


Vql^0.5V 







24 


mA 



ELECTRICAL CHARACTERISTICS (Ta = -20- +751C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ * 


Max 


V| H 


High-level input voltage 




2 






V 


VlL 


Low-level input voltage 








0.8 


V 


V T +-Vt- 


Hysteresis width 


Vcc = 4. 75V 




0.4 




V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic=-18mA 






-1.5 


V 


I OH 


High-level output current 


Vcc = 4.75V, V| =2V, Vi =0.8V, V = 5.5V 






100 


A<A 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V| = 2V 
V| = 0.8V 


IOL = 12mA 




0.25 


0.4 


V 


IOL = 24mA 




0.35 


0.5 


V 


Iih 


High-level input current 


Vcc = 5.25V, V| = 2.7V 






20 


A* A 


V C C = 5.25V, V| = 10V 






0.1 


mA 


IlL 


Low-level input current 


Vcc = 5.25V, V| = 0.4V 






-0.2 


mA 


lee 


Supply current 


Vcc = 5.25V (Note 2) 




40 


65 


mA 



* : All typical values are at Vcc = 5V, T a = 25°C. 
Note 2: \qq is measured with all inputs at value of 4.5V. 

SWITCHING CHARACTERISTICS (VCC = 5V, Ta = 25r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs P to output Op=Q 


R L = 667Q, C L =45pF (Note 3) 
All other input pins in low-state. 




23 


40 


ns 


tPHL 




21 


35 


tPLH 


Low-to-high level, high-to-low level output 
propagation time from inputs Q to output Op=Q 




23 


40 


ns 


tPHL 




21 


35 


tPLH 


Low-to-high level high-to-low level output 
propagation time from input E to output Op=Q 




22 


35 


ns 


tPHL 




20 


30 



MITSUBISHI 
l ELECTRIC 



2^469 



MITSUBISHI LSTTLs 

M74LS689P 

8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT AND OPEN COLLECTOR OUTPUT 

Note 3: Measurement circuit 

INPUT Vcc Vcc OUTPUT 
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(1) The pulse generator (PG) has the following 
characteristics: PRR = 1MHz, t r = 6ns, tf = 
6ns, t w = 500ns, Vp = 3Vp.p, Z = 50fl 

(2) C[_ includes probe and jig capacitance. 



TIMING DIAGRAM (Reference level = 1.3V) 
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Mitsubishi Electronics America, Inc. 
1050 East Arques Ave. 
Sunnyvale, Ca 94086, U.S.A. 
Telex: 172296 MELA SUVL 

Twx: 910-339-9549 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
799 North Bierman Circle, 
Mt. Prospect, ILL 60056, U.S.A. 
Telex: 270636 MESA CHI-MPCT 

Telephone: (312) 298-9223-8 
Facsimile: (312) 298-0567 

Mitsubishi Electronics America, Inc. 
15612 HWY7#243 
Minnetonka, MN 55345 U.S.A. 
Telex: 291 1 15 MELA MTKA 

Telephone: (612)938-7779 
Facsimile: (612)938-5125 



NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn,MA01801, U.S.A. 
Telex: 951796 MELASB WOBN 

Twx: 710-348-1229 

Telephone: (617)938-1220 
Facsimile: (617)938-1075 

MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
110 New England Ave. West 
Piscataway, NJ 08854 U.S.A. 
Telex: 833244 MESANJPWAY 

Twx: 710-991-8584 

Telephone: (201)981-9256 
Facsimile: (201)981-9256 

SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox St. 

Torrance, CA. 90502, U.S.A. 
Telex: 664787 MELA TRNC 

Telephone: (213)515-3993 
Facsimile: (213)324-6578 

SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
3247 West Story Road, 
Los Colinas Business Park 
Irving, TX 75062, U.S.A. 
Telephone: (214)258-1266 
Facsimile: (214)659-9313 

SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Ex. CTR. 6100 Glades Rd. #210 
Boca Raton, Fl. 33433 U.S.A. 
Twx: 510-953-7608 

Telephone: (305) 487-7747 
Facsimile: (305)487-2046 

WEST GERMANY 

Mitsubishi Electric Europe GmbH 

Head Quater 

Gothear Str. 6 

4030 Ratingen 1, West Germany 

Telex: 8585070 MED D 

Telephone: (02102) 4860 

Facsimile: (02102)486-115 

Munich Office: 

ArabellastraBe 31 

8000 MLinchen 81, West Germany 

Telex: 5214820 

Telephone: (089) 919006-09 

Facsimile: (089) 91013199 



FRANCE 

Mitsubishi Electric Europe GmbH 

65 Avenue de Colmar Tour Albert 1er 

F-92507 Rueil Malmaison Cedex, 

France 

Telex: 202267 (MELCAM F) 

Telephone: (01)7329234 

Facsimile: (01) 7080405 

ITALY 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza l-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 

SWEDEN 

Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meabS) 

Telephone: (08) 960468 
Facsimile: (08) 966877 

U.K. 

Mitsubishi Electric (U.K.) Ltd. 
Centre Point, (18th Floor), 
103 New Oxford St., 
London WC1, England, U.K. 
Telex: 296195 MELCO G 

Telephone: (01) (379)7160 
Facsimile: (01) (836)0699 

AUSTRALIA 

Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.W., 2113, Australia 
Telex: MESYDAA 26614 

Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 
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